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The drawing on the cover is of the barque Endeavour, which, 
commanded by Captain James Cook and carrying a number of 
Scientific workers, was sent out by the British Admiralty in 1768 
to chart the South Pacific Ocean and observe the transit of Venus 
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Scientific information 


The problem of the effective publication of the 
results of original scientific research has become 
a very serious one. All over the world today 
there are men working along lines of ever in- 
creasing specialization who not only wish in a 
natural spirit of emulation—combined with the 
highest motives—to place their results on record 
promptly and in a way calculated to reach a 
wide circle of readers, but who need to have some 
method of learning promptly what other workers 
are achieving. The body of scientific literature, 
as it is sometimes politely called, is enormous. 
The World List of Scientific Periodicals, which is cer- 
tainly not complete, sets down the names of 36,000 
organs, and while no one scientist contemplates 
consulting even a hundredth of them, nevertheless 
the number of journals in which records of work 
touching one particular topic may appear is very 
large. The question of preparing and publishing 
abstracts, so as to enable the individual to learn 
of the existence of a particular paper, and the 
ensuing problem of providing him with easy 
access to the paper so traced, at once arise. The 
way in which the investigator presents his results 
is another grave question, for it is admitted that 
many records of work of significance are far 
from satisfactory. The whole vast subject of the 
recording of research was raised at the Royal 
Society Empire Scientific Conference held in 
England two years ago, and as a result of the 
interest aroused the Royal Society held this 
summer a Scientific Information Conference to 
consider the various aspects of scientific publica- 
tion in the English language. If this restriction of 
language seems at first sight to limit the subject 
unduly it may be remarked not only that such 
a limitation generally increases the likelihood of 
obtaining that measure of agreement which is 
necessary if useful results are to follow, but further 
—a point which is not widely realized—that far 


more is published in English than in any other 
language; in fact, it is estimated that well over 
half of the scientific publications of the world 
appear in this tongue, and there is a growing 
tendency today on the part of European countries 
to publish in English. 

Those attending the Conference were drawn 
from the United Kingdom and the whole Empire 
and Commonwealth, and in addition there were 
delegates from the United States, including 
Professor D. W. Bronk, Chairman of the National 
Research Council and Foreign Secretary of the 
National Academy of Sciences. The international 
interest was marked by the presence of delegates 
from Unesco. The results reached may be taken 
to be truly representative of the opinion of the 
scientific world at large. 

When a wide problem of this kind, namely the 
improvement of a great service which has 
admittedly become in many ways inadequate, is 
raised there are two general methods of attempting 
a solution. One is to destroy much of the existing 
fabric and to start again on fresh lines, more or less 
rigidly planned. The other is to attempt a gradual 
development and improvement, starting from the 
existing organization. Professor J. D. Bernal’s 
scheme, which he submitted in a paper to the 
Conference and which attracted considerable 
attention, was to make a drastic change in the 
method of scientific publication. He wished to 
set up a small number of central bodies— 
‘National Distributing Authorities’-—to which all 
scientists would send papers describing their 
results: papers which should, it was contemplated, 
be in rather shorter form than at present. The 
Authority would send out the papers for assess- 
ment, by the same kind of experts as act under 
present conditions, and, on the return of the 
papers, would print them as separate items and 
circulate these ‘separates’ in accordance with a 
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predetermined plan. Another feature of the 
scheme was a weekly list of titles. The scientific 
journal as it now exists would, under this plan, 
be largely abolished, although certain selected 
papers might, it was contemplated, be issued in 
bound volumes periodically. The whole plan was 
pervaded by a genial spirit of optimism: the 
referees, for instance, were to return the papers 
within a week, but as under it everybody would 
certainly—speaking moderately—be not less 
overworked than at present, how the accelerated 
service was to be achieved was not very clear. 
Further, some doubt was left as to the exact 
nature of the persuasion that was to lead to the 
voluntary emasculation of the present publishing 
bodies. The scheme met with considerable 
opposition and was withdrawn by its author at an 
early stage. It is, however, well that it should have 
been put forward, for the debate which it caused 
made very clear the general conviction that the 
best course was to attempt reform by an improve- 
ment of existing methods: in particular by making 
a more extended use of the many modern methods 
of classification, coding, and reproduction con- 
vincingly illustrated in the excellent exhibition 
which was a feature of the Conference. In this 
conclusion the research world at large will prob- 
ably agree, the wish for rigid uniformity of plan- 
ning being most fervently expressed in quarters 
that perhaps do not represent the most original 
and active minds of science, although there are, 
of course, exceptions. 

The writing of scientific papers, both from the 
point of view of literary presentation—a term 
which includes correct grammar and spelling—and 
from that of technical knowledge of the printer’s 
art, was the subject of recommendations designed 
to make them clearer to read and cheaper and 
easier to reproduce. A proposal that scientists 
should have a better general education was not 
specifically made, but was implicit. Very proper 
emphasis was laid upon the great importance of 
library and information services, and proposals 
were made for their extension and improvement. 
To name one small point, the photostats so 
promptly and cheaply furnished by the Science 
Museum Library, London, are already proving 


most valuable and are typical of what can be done 
to make the less common journals readily acces- 
sible. Increased support for this Library and 
that of the Patent Office was specifically advo- 
cated. The call for such reproductions of papers 
implies that the worker has a knowledge of their 
existence, and here the abstracting services are 
essential. Useful recommendations for improve- 
ments in this respect were among the outcome 
of the Conference, in particular that there should 
be some machinery for the prompt announcement 
of authors and titles of new papers. The need for 
increased skilled assistance to editors and editorial 
boards was also brought forward. What might 
have been emphasized was that all such matters 
imply a much larger body of officials of high 
technical competence, and it is doubtful if 
reservoirs from which they can be drawn exist 
at present, or will be found in the near future. In 
many matters we must simply do the best we can 
with the means at our disposal. On active service 
many excellent staff plans have to be abandoned 
for lack of the men and machines needed to put 
them into execution, and a certain amount of 
improvisation in all things is inevitable. The 
country at present is on active service. A just 
compromise between elaboration which cannot 
be realized and planless persistence along lines 
no longer adequate is to be sought, and the 
recommendations of the Conference seem to have 
borne this in mind. 

The Conference has produced no sensations. 
It has, however, achieved much, and it is to 
be counted as a positive achievement that it 
has stressed the desirability of preserving and 
strengthening many features of the present system 
that are good and working well. The very fact that 
it has brought the whole complicated question of 
scientific publication prominently before the work- 
ing scientist is a valuable service. The problems 
concern him closely, and he should think about 
them as he thinks about his laboratory problems; 
that is, as soluble enigmas and not as features of 
the landscape. The matter has been brought into 
the open, and the Council of the Royal Society 
has agreed to appoint a Standing Committee to 
deal with the scientific information services. 


Editor: E. J. HOLMYARD, M.A., M.Sc., D.Litt., F.R.1.C. 


Deputy Editor: TREVOR I. WILLIAMS, B.A., B.Sc., D.Phil. 
Foreign Editor: J. A. WILCKEN, B.Sc., Ph.D. 


Imperial Chemical Industries, Nobel House, Buckingham Gate, London, S.W.1 
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Modern colour photography 


Cc. E. KENNETH MEES 


Although the principles of photography in colour have been known for nearly a century, 
it is barely forty years since the first colour plates were put on the market. Since that time 
great progress has been made. Transparencies which faithfully reproduce the colours of the 
original had been brought to a high standard even before the war, and now, partly as a re- 
sult of the military need for easily processed colour photographs, the printing of coloured 
photographs direct on to paper has become practicable even for the amateur photographer. 


The history of colour photography begins with a inventors in colour photography have therefore 
lecture that Clerk Maxwell gave in 1861 at the been directed toward getting some form of colour 
Royal Institution in London on his theory of photograph that could be viewed apart from a 
colour vision. He there demonstrated the fact projection lantern. 
that all colours may be matched by mixing, In 1869 a very wonderful little book called Les 
in various proportions, light of the three pri- Couleurs en Photographie was written by a Frencli- 
mary colours—a pure red, a pure green, and man, Louis Ducos du Hauron, and in this book 
a blue-violet. To illustrate this, Maxwell had du Hauron outlined many of the possible pro- 
taken three photographs—one through a red_ cesses of colour photography that have since then 
solution, one through a green solution, and the _ been brought into practice. One of these processes 
third through a blue solution. From these three which has since become of importance is known as 
negatives three positives were made in the form the ‘screen plate’ process. Du Hauron suggested 
of lantern slides, which he projected on to a_ that the surface of a support might be covered 
screen on top of one another by means of three with tiny filters and that a colour-sensitive emul- 
lanterns, each one projecting its slide through sion could be coated on top of the filters. Such 
the solution that had originally been used for a material can be used to take a direct colour 
taking the negative. In this way a coloured photograph in which the image is cut up into a 
picture was obtained on the screen. lot of little sections, each of which is taken through 
When three lanterns are used to project the one of the three filters. 
three primary colours upon a screen, they can be The earliest successful colour screen unit pro- 
adjusted in intensity to produce white, and any cess was that invented about 1904 by the Lumiére 
required colour can be produced by a proper Company in France, who coated the surface of a 
adjustment of the intensities of the separate beams. glass plate with dyed starch grains derived from 
Thus, as we see from figure 1, the admixture of rice. The little spherical grains of starch were 
the red and green beams of light produces yellow, dyed red, green, and blue and then mixed 
the admixture of the green and blue-violet pro- thoroughly, scattered over the surface of the plate, 
duces a blue-green, and all three colours together and squashed into flat disks. The interstices were 
produce white. filled with carbon black, the coating was varnished, 
The additive method of colour photography— and then the emulsion was coated on the face of it. 
making three negatives through three colour A photomicrograph of the screen is shown in 
filters, obtaining from them three positives, and figure 2. These plates were put on the market 
then projecting these positives through filters forty years ago under the name of Autochrome 
similar to those through which the negatives were plates, and with them many beautiful colour 
exposed—has been utilized by many workers photographs have been made. 
since the time of Maxwell. The greatest objection In the screen plate processes of colour photo- 
to this process is that the pictures can be seen only graphy, as in the method of triple projection, the 
when projected from a rather elaborate lantern. colours are formed by the admixture of coloured 


Most people, however, want pictures either to 
put on the walls of their rooms as prints, or at 
least in such a form that they can hold them in 
their hands and examine them. The efforts of 
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light of the three primary hues. In nature, how- 
ever, objects appear coloured because they absorb 
some of the components of white light. In figure 3 
we see the three primary colours—red, green, and 
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blue-violet-—and just under them are printed 
patches of the colours which are obtained when 
each of the primary colours in turn is absorbed 
from white light and which are therefore said to 
be complementary to them. Thus we have blue- 
green, cyan, or minus red, which is complementary 
to red; blue-red, or magenta, minus green, which 
is complementary to green; red-green, seen as a 
yellow, minus blue, which is complementary to 
blue-violet. 

If in one of the beams of a triple lantern, say 
red, we put a positive made from the red filter 
negative, on the screen we shall get a cyan image 
of the positive formed by the blue and green light, 
the red being absorbed by the positive (figure 5). 
Clearly we can obtain exactly the same result if, 
instead of making a black positive from the red 
negative and projecting it in the triple lantern, 
we print the red negative in a cyan dye. Similarly, 
we can duplicate the projection of the positive 
from the green negative by printing it in a 
magenta dye, and that of the positive from the 
blue negative by printing it in a yellow dye, and 
when these three prints are superimposed they 
will give exactly the same result as the triple 
lantern: a picture in natural colours. Thus 
figure 4 shows at the top three negatives taken 
through three colour filters—red, green, and blue- 
violet. Below them we see three positives, and if 
these were projected on to a screen by means of 
red, green, and blue-violet light respectively, we 
should get an additive colour picture. 

Instead of doing this, we can print the red 
negative in cyan ink, the green negative in 
magenta ink, and the blue-violet negative in 
yellow ink, and when these are superimposed we 
get a subtractive colour picture (figure 6). 

Thus there are two distinct methods of making 
colour pictures from the triple negatives: the 
additive method (in which the three colours are 
added in projection) and the subtractive method 
(in which the colours are produced by the super- 
position of prints). The subtractive processes of 
colour photography are those used for the pre- 
paration of colour pictures for use in illustrations, 
e.g. for commercial and advertising photographs. 

In order to get a subtractive colour photograph 
it is necessary to make three negatives, exposed 
respectively by means of red, green, and blue 
light, and then to make from these three nega- 
tives three dye images so that they can be super- 
imposed. A very simple method of colour photo- 
graphy would include a material in which the 
light-sensitive layers with the necessary filters 


were incorporated in one material on top of each 
other, provided there was some way in which dye 
images could be formed after the exposure and 
development of the layers. This was proposed by 
Karl Schinzel in 1905, and Schinzel’s proposal 
seems to be the first explicit disclosure of a 
monopack, as such films are now called. 

Schinzel proposed that the colour images should 
be obtained by putting the necessary dyes into 
the three layers and then using the silver images 
to reduce the dyes catalytically. Other processes 
were suggested by which the dyes could be pro- 
duced in the three layers. For instance, Homolka 
discovered that a number of developing agents, 
when they develop silver and are themselves 
oxidized, could form dyes by the combination 
of the oxidized developer and other chemicals, 
which are now known as couplers. In this way 
dye images could be produced in development, 
the silver being removed subsequently by a 
bleaching process. 

The use of this dye-coupling process for pro- 
ducing a colour picture was patented by Rudolph 
Fischer in 1912. He proposed a monopack with 
the three colour-sensitive layers coated on the 
top of each other. In each layer he proposed to 
put a coupler which would form the suitable dye 
—a cyan-producing coupler in the bottom layer, 
which is sensitive to red; a magenta-producing 
coupler in the middle layer sensitive to green; and 
a yellow-producing coupler in the top layer sen- 
sitive to blue (figure 10). The chief difficulty with 
this process when it was tried was that the chemi- 
cals employed did not stay in their own layers. 
For instance, Fischer’s couplers wandered to the 
next layer from the layer in which they should be, 
and thus satisfactory discrimination between the 
layers was not obtained and no good colour 
images were produced. Even worse than the 
wandering of the couplers is the wandering of the 
sensitizers. The three layers have to be sensitive 
to the three regions of the spectrum. This is 
accomplished by the addition of sensitizing dyes 
to the emulsion. An ordinary photographic emul- 
sion is sensitive to blue and violet light. When 
it is treated with various magenta-coloured dyes 
which absorb green light, it becomes sensitive to 
green as well as blue and violet. When, however, 
it is treated with some blue dyes which absorb red 
light, it becomes sensitive to red as well as blue 
and violet. In a monopack, the top layer is not 
sensitized and is sensitive to blue and violet and 
also to green, and the bottom layer is sensitive to 
blue and violet and also to red. Between the top 
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FIGURE 1 — Additive synthesis of the thre —? 
colour primaries. 


FIGURE 2 — Photomicrograph of the Auto- 
chrome screen. 


FIGURE 3 — Primary and complementary colours. 
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FIGURE 5 — Three-lantern projection of 
cyan image produced by a positive in tht 
red beam. 


©; 
FIGURE 4 — Colour-separation negatives and positives. 
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FIGURE 6 — Reproduction by the three- 
colour subtractive process. 


FIGURE 7 — Kodacolor negative and print. 


— 


PROCESSING KODACHROME FILM 


Explaining the sequence of operations in processing 
Kodachrome, a cross-section of the film is shown at 
the completion of each main stage in processing. In 


the case illustrated the film was exposed in the camera 


to a red object on a black ground. 


(a) Exposure 


(b) First development (c) Second development (d) Third development 


(f) After bleaching 


(e) Fourth development and fixing 


ON PROJECTION, the red colour is obtained by reason of 
the ‘window’ in the blue-green layer. Any other colour may be 
obtained in analogous fashion by a different combination of 
wholly or partially clear ‘windows’ in the three layers. 


WHITE LIGHT 


FIGURE 8 — Processing Kodachrome film. 
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layer and the middle layer there must be coated a 
layer of yellow filter, a dye being chosen which 
can be destroyed during processing but which 
during exposure will prevent blue and violet light 
from penetrating the lower layers, so that the top 
layer is exposed by blue light, the middle by green 
light, and the bottom by red light. 

The sensitizing dyes must stay in their proper 
layers, but the earlier sensitizing dyes did not 
easily do so. They wandered into other layers 
and so prevented the separation of colours from 
being achieved in a monopack. About 19930, 
however, great numbers of new sensitizing dyes 
were discovered, and from these it became 
possible to select those that did not easily wander 
through the gelatin but would remain attached 
to the silver bromide and would retain that posi- 
tion during the coating of the emulsion. 

At that time two young American musicians, 
Leopold Mannes and Leo Godowsky, had become 
interested in chemistry, especially that of colour 
photography, and had worked together for a 
number of years. When it was realized that 
sensitizing dyes could be obtained that did not 
wander, Mannes and Godowsky were invited to 
join the Kodak Research Laboratories in Roches- 
ter, New York, and there they worked out the 
first effective monopack process, the one called 
Kodachrome, which was placed on the market in 
1935; 

The Kodachrome film is coated with the three 
light-sensitive emulsions in the usual order—the 
red-sensitive next to the base at the bottom of 
the emulsion, the green-sensitive above it, then a 
layer containing a yellow filter material that pre- 
vents the blue light reaching the green- and red- 
sensitive layers, and then on top the unsensitized 
emulsion to record the blue and violet light. The 
layers do not contain any material intended to 
produce dyes; these are introduced in the pro- 
cessing operation. It was originally necessary to 
process the film three times, introducing the dyes 
in turn in the three operations, but this compli- 
cated processing was eventually simplified so that 
the film is processed in one continuous operation. 
As this procedure is carried out at the present time, 
the Kodachrome film after exposure is first 
developed with an ordinary black and white 
developer, which develops the silver negative in 
the three layers. Then after simple washing it is 
exposed through the back to red light, which 
makes developable in the bottom layer the silver 
bromide which was not exposed, and which, there- 
fore, was not developed in the first development. 


Now the film passes into a developer containing 
both a colour developer and a coupler, which will 
produce a cyan positive in the bottom layer, 
because the image now developed in cyan is made 
from the silver bromide not exposed originally 
and so not developed in the first developer. It is 
reversed compared with the original negative 
exposed in the bottom layer. The film is next 
exposed to blue light from the top, and a yellow 
positive is developed in the top layer. Finally, the 
unexposed silver bromide in the middle layer is 
developed with a coupler-forming magenta dye, 
and then the whole of the silver that has been de- 
veloped is removed by a bleaching bath (figure 8). 

The Kodachrome process was quickly adopted 
for the 16-mm and 8-mm film used for amateur 
cinematography. The cost of the film was not 
greatly in excess of that of the black and white 
film, and it was only a short time before most of 
the film used for home ‘movies’ was colour film. 

Another development that followed was the 
introduction of 35-mm film of the same kind for 
making still pictures in the well-known miniature 
cameras that have been so popular of recent years. 
The pictures are, of course, transparencies, but in 
order to make them useful a system was introduced 
of mounting them in card mounts at the time 
they are processed, and supplying simple and 
cheap projectors with which they can be projected 
on a screen. This process has been a very great 
success, and tens of millions of these little pictures 
are now made every year, with results that gratify 
those who take them. 

While this Kodachrome process had been 
worked out in the United States, the German 
Agfa Company had been working on the Fischer 
process invented in 1912. When non-wandering 
sensitizing dyes could be obtained, they 
could study the remaining difficulty of the 
Fischer process—the wandering of the couplers. 
Organic chemists worked out a number of dye 
couplers having molecules of large size, which 
would pass through gelatin only with great 
difficulty. Thus a process was evolved in which 
the couplers were each in its own layer and were 
not required in the developers, as was necessary 
in the Kodachrome process. Film made by this 
process has been placed on the American market 
by the Ansco Company, formerly associated with 
the German Agfa Company. 

In 1940 the U.S. Army decided that they must 
have some method of taking colour pictures 
which they could process in the field. Although 
the Kodachrome process can be operated easily 
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Emulsion showing crystals of silver bro- 
mide and globules of coupler dispersed 


Magenta layer of emulsion after develop- 
ment, showing dye image and silver 


Magenta layer of emulsion after removal 
of silver and silver bromide. 


on a large scale with continuous machines, it 
would be very difficult indeed to operate in the 
field. 

In order to obtain a film that could be processed 
in the field, it was necessary to incorporate the 
couplers in the layers. To ensure freedom from 
wandering, the couplers are dissolved in organic 
solvents, which are then dispersed in the emul- 
sions as very small oily globules, much as the 
butter fat is dispersed in milk. When the film is 
developed, the oxidized developer diffuses into 
the globules and there reacts with the couplers to 
form dyes (figure 9). 

In the new film three types of coupler are 
dispersed dissolved in the globules, one in each 
emulsion layer, so that after development the 
bottom layer (which is red-sensitive) gives a 
cyan image, the middle (green-sensitive) layer a 
magenta image, and the top (blue-sensitive) layer 
a yellow image. If the film, therefore, is developed 
after exposure with a colour-forming developer, 
the oxidized form of which can unite with the 
couplers to form dyes, the three layers will be 
developed, and after removal of the silver by a 
bleaching bath a colour negative will be obtained 
in which not only are the tones reversed, so that 
black is represented as white and white as black, 
but the colours are reversed and are shown as 
complementaries. Such a negative is shown in 
figure 7. When this negative is printed on a paper 
or film of the same type, a colour print is obtained, 
as is shown in the figure. This process is called 
the Kodacolor process, and in addition to its mili- 
tary use for taking aerial photographs it was put 
on the market in. the form of roll film suitable for 
the ordinary roll film cameras. After exposure, 
the film is processed to give negatives and then 
printed on a special paper to make colour prints. 
Many millions of these colour prints are now 
being made each year. 

Both the Kodachrome film—in which the 
couplers are introduced during development— 
and this Kodacolor film are available in the 
form of cut sheets for use by professional and 
commercial photographers. The Kodachrome 
Cut Sheet process, which was introduced in 1938, 
gives transparencies, since the film is developed 
by reversal. It has one serious disadvantage from 
the standpoint of a commercial photographer. 
The film has to be sent to a processing station 
and the photographer must wait until the pic- 
tures are finished. To make it possible for the 


FIGURE 9 — Kodacolor emulsion, showing the formation of photographer to develop his own film, a film of 


138 


the Kodacolor type intended, however, to be 
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Blue-sensitive emulsion 
with yellow coupler 


Support 


Green-sensitive emulsion 
with magenta coupler 


Red-sensitive emulsion 
with cyan coupler 


FIGURE 10-— Tripack proposed by Fischer. 


developed by reversal to a positive, has been put 
on the market under the name of Ektachrome. 
This film contains the familiar three layers, each 
containing the appropriate coupler dispersed in 
the microscopic globules. The film is developed 
first with a black and white developer to get a 
negative, and this is then exposed to white light 
and redeveloped with a colour developer. 

Cut sheet colour transparencies can be used to 
make colour prints. To do this, separation 
negatives must be made from the transparencies. 
Colour transparencies suitable for viewing, how- 
ever, generally have a scale too long to permit of 
the making of satisfactory prints. This difficulty 
can be controlled by the use of a mask. If from 
the transparency we print a negative on a sheet 
of film, develop it to a low contrast, and register 
it with the transparency, the over-all scale of the 
transparency will be lowered in proportion to the 
scale of the negative. At the same time this mask 
tends to overcome another difficulty that arises 
in making duplicates or prints from colour trans- 
parencies which is even more serious than the 
difficulty introduced by the extended scale of the 
transparencies: it is that the spectral characteris- 
tics of the dyes are not perfect, and that when the 
error of these dyes is repeated in a duplicate, the 
colour rendering is visibly unsatisfactory. A 
perfect cyan dye should absorb red light only, 
but in practice the best cyan dyes obtainable 
absorb a considerable amount of green and blue 
light. The magenta dye, which absorbs the green, 
is free from absorption of the red light, but it 
absorbs blue to a very considerable extent. The 
yellow dye is, on the whole, satisfactory, its 
absorption for the green and red regions of the 
spectrum being small. As a result of this absorp- 


tion of green by the cyan dye and of blue by both 
the cyan and magenta dyes, a duplicate or print 
from the colour transparency will show excessive 
brightness of the reds and yellows compared with 
blues and greens, which are degraded by the un- 
wanted absorptions. Some correction can be 
obtained by printing by red light the negative 
mask registered with the transparency. Although 
the correction obtained in this way is not perfect, 
it does much to mitigate the excessive brightness 
of the reds and yellows in the print. 

In Kodacolor film, used to obtain comple- 
mentary negatives in roll film cameras, a masking 
emulsion is coated on the original film. After the 
development of the colour negative, the mask is 
exposed through the negative to red light and is 
then processed as the last stage in the processing 
of the film, so that an integral mask is obtained 
when the roll film is processed. This method of 
obtaining a mask is quite satisfactory for roll film, 
but the making of masks in register with trans- 
parencies, while quite feasible, is not very easy. 

A superior method of overcoming the masking 
difficulty for negatives has recently been worked 
out. Couplers are used which are not colourless 
but which themselves absorb the colours that the 
dyes absorb undesirably. For instance, the cyan 
dye absorbs some green and blue light, whereas 
it should absorb only red light. Suppose we make 
a cyan-forming coupler that absorbs the same 
amount of green and blue as does the dye. Then 
the film will have the same absorption for green 
and blue all over—both in the parts where the 
coupler is converted into cyan dye and in the 
parts where the coupler is not changed and no 
cyan dye has been formed. The whole picture, 
in fact, appears as if it were made with a perfect 
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cyan dye having no absorption for green and blue 
but with a filter over it that absorbs green and 
blue all over the film. In the same way a magenta- 
forming coupler can be made that absorbs the 
same amount of blue-violet as the magenta dye 
does. If these coloured couplers are used to make 
a negative film, the print from it will not suffer at 
all from the incorrect absorptions of the cyan and 
magenta dyes. 

Colour prints can be made from separation 
negatives prepared from colour transparencies or 
from complementary colour negatives. Two 
principal processes are employed for making 
prints: the Carbro process and the dye transfer, 
or imbibition, process. In the Carbro process, 
bromide prints are made from the separation 
negatives, and these are used to make colour 
prints—cyan, magenta, and yellow—in gelatin 
layers containing coloured pigments. The three 
coloured gelatin layers are then superimposed in 
register to make one picture. In the dye transfer 
process, the negatives are printed through the 
film base on to films coated with an ordinary slow 
emulsion dyed yellow and not containing any 
hardener. The images are developed with a 
developer such as alkaline pyrogallol, which 
hardens the gelatin where the image is developed. 
Then the unhardened emulsion is washed off with 
hot water and a relief image in hardened gelatin 
is obtained on the surface of the film. These relief 
images are known as matrices. To form a colour 
picture the matrices are soaked in solutions of 
appropriate dyes. Almost all the acid dyes can 
be used, but the choice of the dye depends upon 
its colour and its stability to light. The matrix 
printed from the red negative is first soaked in 
the cyan dye solution until it is saturated. Then 
the excess dye is rinsed off in a 1 per cent. solution 
of acetic acid and the matrix is squeegeed down 
in contact with a sheet of paper containing a 
mordant, such as is obtained by treating the paper 
with alum. In a few minutes the dye transfers and 
is adsorbed by the mordant in the paper, leaving 
the matrix almost free from dye. The matrix 
from the green separation negative is then soaked 
in a magenta dye, and this is transferred, care 


being taken to register the image exactly with the 
cyan image already on the paper. Finally, the 
yellow image from the matrix made by blue light 
is transferred in the same way, and the colour 
picture is complete. When colour prints are made 
from complementary colour negatives, the process 
can be shortened because there is no need to make 
separation negatives. The bromide paper used 
for the Carbro process or the matrix film used for 
the dye transfer process can be made panchroma- 
tic by sensitizing dyes, and the separations can be 
made in preparing the bromide prints or the 
matrices direct from the complementary colour 
negative. 

The new materials for colour photography 
which have been introduced during the last few 
years can perhaps be summarized best in the 
form of a table: 


MATERIALS FOR MODERN COLOUR 
PROCESSES AVAILABLE COMMERCIALLY IN 
THE UNITED STATES 

For Still Pictures 


Reversal film in rolls 
Kodachrome 35-mm film and Anscocolor 
35-mm film 
Ektachrome roll film and Anscocolor roll film 


Kodachrome prints 


Negative roll film 
Kodacolor roll film 


Ansco Printon prints 


Kodacolor prints 
Sheet films 


Reversal: Kodachrome, Ektachrome, and 
Anscocolor 


Negative: Kodacolor (with coloured couplers) 


Dye transfer or Carbro prints 


For Motion Pictures 


16-mm and 8-mm reversal substandard films 
Kodachrome and Anscocolor 


Kodachrome Commercial 16-mm film 
Kodachrome Duplicating 16-mm film. 
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The development of fluorine chemistry 
H. J. EMELEUS 


Although compounds of fluorine have been known for nearly two hundred years, the element 


itself proved not only difficult to isolate but also extremely difficult to handle when it was at 
length obtained in the free state. For many years, knowledge of the chemistry of fluorine 
lagged far behind that of the other halogens, and it is only recently that, thanks to new tech- 
niques, fluorine and its compounds have become relatively familiar in the laboratory and—a 


still newer development—in industry, where they have already found important applications. 


The history of fluorine is spread over almost two 
hundred years, but it was not until the early 
nineteenth century that the isolation of the ele- 
ment was attempted. Thus in 1808-16 Davy, 
having established the relationship between hydro- 
gen chloride and hydrogen fluoride, electrolysed 
aqueous solutions of the latter, only to obtain 
hydrogen and oxygen. Chemical methods based 
on analogy with the preparation of chlorine also 
failed to yield fluorine, as did experiments on the 
electrolysis of fused metallic fluorides. Faraday’s 
observation that anhydrous hydrogen fluoride was 
a non-conductor is specially notable among these 
early researches, because it was some thirty years 
later that Moissan, in 1886, first prepared fluorine 
by the electrolysis of the conducting solution 
formed by dissolving potassium fluoride in anhy- 
drous hydrogen fluoride. 

Moissan’s work with fluorine is remarkable not 
only for the way in which the difficulties in pro- 
ducing and handling the new element were over- 
come at a time when laboratory technique was far 
less developed than now, but also for the wide 
range of reactions studied. The platinum or 
copper cell, filled with an electrolyte approxi- 
mating in composition to KF.12HF and fitted with 
platinum-iridium electrodes, gave a stream of 
fluorine which was allowed to react with many 
elements, including hydrogen, sulphur, selenium, 
tellurium, phosphorus, arsenic, carbon, boron, 
silicon, a large number of metals, and the other 
halogens. Many inorganic compounds were also 
examined and numerous new fluorides were dis- 
covered and characterized. Though this work was 
primarily directed towards filling a gap in system- 
atic chemistry, it did in fact prepare the way for 
much that has happened since. For example, 
tetrafluoromethane was prepared and its inert- 
ness was recognized. Sulphur hexafluoride, which 
is now used as an insulating gas, was described. 
Perhaps Moissan’s outlook on fluorine chemistry 
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may be summed in his own words: ‘La recherche 
d’un nouveau corps simple est toujours trés captivant’ [1]. 
It can seldom have happened that a chemist had 
a more attractive field to explore or made greater 
use of his opportunities. 

The development of fluorine chemistry after 
Moissan’s death was continued in his laboratory 
in Paris by Lebeau, and by Ruff in Germany. 
Until 1919 there was no major change in the 
method of generating the element, but laboratory 
techniques were gradually developed and the more 
reactive fluorine compounds, prepared from the 
free element, became better known. Ruff, for 
example, made a careful study of the halogen 
fluorides, which are all formed by interaction of 
the free halogens with fluorine. These substances, 
the formulae and boiling-points of which are 
shown in table I, are in some cases as reactive as 
fluorine itself but are in general more easily stored 
and handled, so that it is quite possible that they 
will be among the technically important sub- 
stances of the future. 


TABLE I 
iling- Boiling- iling- 
Fluoride point (°C) Fluoride point (°C) Fluoride point (°C) 
CIF .. | —100 |} CIFy.. 
BrF .. 20 BrF,.. | 127 BrF,.. 40°5 
~ IF, .. 45 


Ruff also prepared and characterized the higher 
fluorides of the platinum metals among others, 
demonstrating how combination with fluorine 
excites the highest valency state of an element. 
The inert fluoride of nitrogen (NF), formed by 
the electrolysis of fused ammonium hydrogen 
fluoride, was likewise characterized, as were many 
other non-metallic fluorine derivatives. The iso- 
lation of the first fluorine oxide (F,O) was due to 
Lebeau and Damiens, who showed that it is 
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formed in the reaction between fluorine and dilute 
aqueous sodium hydroxide. Later Ruff and his 
co-workers made a second and much less stable 
oxide (F,O,) by combination of the elements in 
a cooled tube through which an electrical dis- 
charge was passed. These examples are typical 
of results which were published in increasing num- 
bers as fluorine became more accessible. 

Interest in the chemistry of fluorine grew much 
wider as soon as improvements were made in the 
preparative methods. The first of these was the 
use of the electrolyte KF.HF, melting at 235°C, in 
place of KF.12HF. First introduced in 1919 by 
Argo, Mathers, Humiston, and Anderson [2], the 
new cells had the great advantage of cheapness, 
since a graphite anode was found to be suitable. 
Various constructional materials were used— 
Monel metal, copper, nickel, and magnesium— 
and although the fluorine was slightly con- 
taminated with carbon fluorides and other im- 
purities from the electrolyte, it became available 
for the first time to the modestly equipped research 
laboratory. Another equally useful type of cell, 
the so-called medium-temperature cell, with the 
electrolyte KF.3HF, was described by Lebeau and 
Damiens [3] in 1927. It operated in the tem- 
perature range go-100° C and in its early form 
had a nickel anode, since graphite was not suitable 
for this particular electrolyte. In later develop- 
ments, however, special types of carbon have been 
substituted for nickel with a saving in cost and an 
improvement in operation. 

The step from the laboratory fluorine generators 
to full-scale technical production has been less 
difficult than might have been anticipated. In 
Germany, attention was concentrated on develop- 
ing the high-temperature cell using KF.HF, and 
an output of 50 tons of fluorine a month was 
reached. Individual cells carried about 2,500 
ampéres. In the United States and in England 
the medium-temperature cell was developed to 
a similar extent. Papers presented at the Chicago 
meeting of the American Chemical Society in 
1946 [4] described such cells in detail, while 
models of the corresponding cells developed in 
England were shown at the exhibition arranged 
in London in 1947 in connection with the cen- 
tenary celebrations of The Chemical Society. 

The difficulties encountered in early work 
because of the great reactivity of fluorine have now 
been largely overcome, both in the laboratory and 
on a plant scale, by the general use of metals. 
Steel or copper is satisfactory at normal tempera- 
tures, but for higher temperatures nickel or Monel 


metal is preferable. The storage of fluorine under 
pressure has presented special problems, largely 
because the normal type of compressor, in which 
contact with grease would occur, is out of the 
question. Two methods have been described: 
either the fluorine is liquefied and vaporized into 
a steel or nickel storage vessel at pressures up to 
about 25 atmospheres or, for lower pressures, a 
compressor of the diaphragm type has been used. 
The critical temperature of fluorine (— 129°C) 
precludes storage as a liquid, and for most major 
uses the gas is generated as required. The 
hydrogen-fluorine torch [5], which has been 
shown to give a self-fluxing weld for copper and 
other metals, does, however, require fluorine under 
pressure. 

The last ten years have seen great developments 
not only in methods of producing fluorine but 


in its applications. Chief among these is the § | 


formation of fluorocarbons, the simplest of which 
(CF,) was described by Moissan. The first 
reliable evidence of the formation of similar 
bodies of higher molecular weight was obtained 
by Ruff and Keim in 1930 [6] in studying the 
reaction between fluorine and carbon. This may 
first lead to an explosive fluoride (CF),, but if 
the carbon is first impregnated with 1 per cent. 
of a mercury salt a smooth reaction occurs. The 
chief product is (CF),, but decreasing quantities 
of fluorocarbons of higher molecular weight are 
also formed. The following data show that in the 
series C,F,,,, the boiling-points remain fairly 
close to those of the corresponding hydrocarbons. 
As would be expected, they are much lower than 
those of the chlorocarbons in spite of the com- 
parable molecular weights. It is this volatility, 
great chemical inertness, and other valuable 
physical properties which make the higher fluoro- 
carbons so interesting technically. 


TABLE II 
BOILING-POINTS 


Number of C atoms} 1 2 | 3 4 5 8116 
b.p. 


— 161|—88]—44|—0°5| 36 


Fluorocarbon b.p. 
|—128 


— 78|—38 


—5 | 22 104/240 


For producing useful fluorocarbons on a large 
scale the reaction between carbon and fluorine is 
unsuitable, because a large proportion of tetra- 
fluoromethane is formed, and no method is as 
yet available for converting this substance into 
compounds of higher boiling-point. One must 
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FIGURE 2 — Section of model of medium-temperature 
fluorine cell, showing carbon anode, diaphragm, and position 
of water jacket. 


PRE 1 — Small medium-temperature fluorine cell assembled for laboratory 
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FIGURE 3 — Corrosion of metals exposed to fluorine free from hydrogen fluoride. Except in the case of gun-metal and 
platinum, which were exposed for only seven hours, the exposure was for one week at 400° C. 
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FIGURE 4 — Flow-meter for use with 
chlorine trifluoride. Note the compres- 
sion unions for making glass-to-glass 
or glass-to-metal joints. 
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therefore turn to methods based on the direct 
replacement of hydrogen or chlorine by fluorine 
in a suitable carbon compound. This, as Moissan 
showed, is generally accompanied by a complete 
breakdown of the organic molecule if undiluted 
fluorine is used. The reaction may be moderated 
in various ways—by cooling, by dilution of the 
fluorine with nitrogen, or by the use of an inert 
solvent. All these expedients have been tried, 
but only two methods have so far given really 
satisfactory yields of fluorocarbons. These are: 


1. Catalytic fluorination of an organic vapour at 
200-350° C on a silver- or gold-plated copper 
catalyst with nitrogen dilution of both gas 
streams. 

2. The reaction of the organic substance in the 
vapour or liquid phase at ca. 200-400° C with 
cobaltic or argentic fluoride. 

In catalytic fluorinations it is almost certain 
that the action of the catalyst depends on the 
formation of a higher fluoride (e.g. AgF,) by the 
fluorine and its subsequent reduction by the 
organic compound. In the second method the 
metal fluoride is first formed in the reactor by 
the action of fluorine (2CoF, + F, = 2CoF;), 
after which the organic vapour is passed until 
the active metal fluoride is exhausted, the essential 
reaction being: 


The cobaltous fluoride is then refluorinated and 
the cycle repeated. 

These two methods have been studied exten- 
sively both in the United States and in Britain. 
Attention has been centred on producing materials 
boiling in the range 40-150° C, and compara- 
tively non-volatile oils and greases. Table III 
shows some typical results obtained by Cady and 
his co-workers [7] by the catalytic fluorination 


TABLE III 
Reaction 
Material Percentage} 
Fluorinated 

C,H, 265 C.F i, 58 
n-Heptane 135 C.F 62 
C,H,CF,.. 200 C,F,, 85 
C,H,(CF;,), 200 C.F i. 87 
Anthracene CyF 43 
Light paraffin base 

lubricating oil . . 300 b.p. 12 

150-200°/ 
10 mm 
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method applied to materials of widely differing 
volatilities. It will be seen that in the fluorination 
of aromatic molecules the double bonds become 
saturated. Yields are fairly high, particularly 
for the simpler molecules, but incompletely 
fluorinated and breakdown products are always 
formed at the same time as the saturated fluoro- 
carbon. 

Yields so far reported for the second method, 
which covers a similar range of materials, are 
higher, and indicate that this is the more satisfac- 
tory process. With either method it is advan- 
tageous to work when possible with a partially 
pre-fluorinated material, because (a) yields can 
thereby be increased and (5) introduction of some 
of the fluorine atoms into the molecule with, say, 
hydrogen fluoride is cheaper. This point is well 
illustrated by recent work on heptane [8], which 
is first partially chlorinated photochemically, then . 
partially fluorinated with anhydrous hydrogen 
fluoride in an autoclave reaction, and finally - 
fully fluorinated with cobaltic or argentic fluoride. 

The usefulness of fluorocarbons depends largely 
on their thermal stability and chemical inertness, 
particularly their high resistance to oxidation 
compared with that of hydrocarbons. Many are 
stable in air at temperatures above 300° C and 
are ideal as high-temperature lubricants. Most 
are known also to have good dielectric properties. 
As solvents, too, the more volatile show promise. 
They are non-inflaammable and have quite 
specific properties. Thus aliphatic or aromatic 
hydrocarbons as well as alcohols are insoluble in 
them, whereas many halogenated organic com- 
pounds dissolve. The picture is, however, still 
far from complete, and the next few years will 
almost certainly add many hundreds to the list 
of known fluorocarbons and provide new examples 
of the uses of these materiais. 

In one respect the inertness of the fluorocarbons 
is a disadvantage, since it is not possible to apply 
the normal methods of organic synthesis with a 
view to building fluorocarbon skeletons into more 
complex structures. For this purpose it is better to 
work with an incompletely fluorinated material 
which has in its molecule a point of attack. For 
example, hexachlorobenzene can readily be com- 
pletely fluorinated by the methods already 
described, and is then inert. If, however, it is 
made to react with antimony pentafluoride, it gives 
moderate yields of an octafluorinated product 
containing two residual chlorine atoms [8]. This, 
when oxidized with aqueous permanganate, 
yields perfluoroadipic acid, the carboxyl groups 
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of which are reactive and afford a means of build- 
ing the fluorocarbon chain into other structures. 

There are comparatively few general reactions 
other than those involving fluorine which are 
capable of fluorinating organic substances. This 
is largely due to the chemical differences between 
the normal halogenating reagents and the corre- 
sponding fluorides. Phosphorus trifluoride and 
sulphuryl fluoride, for example, do not act as 
fluorinating agents in the same way as the respec- 
tive chlorides do as chlorinating agents, the 
fluorine atoms in them being more strongly 
bonded. 

One reaction, however, which is specific for 
the production of fluorides has been widely used. 
This is the reaction of organic chloro-, bromo-, or 
iodo-bodies with antimony trifluoride. Discovered 
over fifty years ago by the Belgian chemist Swarts, 
this reaction has been extraordinarily useful in 
the preparation of both aliphatic and aromatic 
derivatives. It seldom brings about complete 
replacement of the original halogen by fluorine, 
and consequently the products contain both halo- 
gens (e.g. from CCl, one obtains under appro- 
priate conditions CCI,F, CCl,F,, or CCIF,). A 
similar reaction occurs with a number of inorganic 
halides and oxyhalides (eg. SiC], yields 
chlorofluorides), and also with halogenated 
groups attached to an aromatic nucleus (e.g. 
C,H,CCl,-> C,H,CF;). The ease of replace- 
ment varies widely from case to case; sometimes 
reaction occurs on refluxing, but in other cases an 
autoclave reaction is essential. It is also possible 
to use anhydrous hydrogen fluoride in these 
reactions, either alone or in conjunction with 
antimony fluoride. Organic halides will react 
with other inorganic fluorides (e.g. HgF,, AgF, 
TIF, KF), but these are less commonly employed 
and seem to be less suitable than the antimony 
salt for producing the mixed halogen derivatives. 

Swarts’ work resulted in the preparation of a 
surprisingly large number of simple mixed halides, 
but they attracted little attention until 1931, when 
Midgley proposed the use of carbon chloro- 
fluorides and related substances as refrigerants. 
These compounds—the Freons—proved to be 
practically non-toxic and inert, and had in 
addition excellent thermodynamic properties. 
They are widely used in refrigeration and air- 
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conditioning plant, where they have advantages 
over refrigerants such as ammonia. The Freons 
have a very useful range of boiling-points, as will 
be seen from the following typical figures: 


Boiling-point 
(°C) 
CHCIF, — 408 
CCI,F, .. —29°8 
CCI,F . 23°7 
CCl CCLF . “a 47°6 


A farther technical use of the Swarts reaction, 
or one of its modifications, is in the preparation of 
dyestuffs containing the CF, group as a sub- 
stituent, the CCl, group attached to an aromatic 
nucleus being among those most readily fluorinated 
in this way. 

The range of compounds prepared by Swarts 
included partially fluorinated olefines, and the 
successful preparation of polyethylene, or Poly- 
thene, not unnaturally directed attention to the 
possibility of obtaining polymers from chloro- 
fluoro- or fluoroethylene. | Monomeric tetra- 
fluoroethylene was first fully characterized by 
Ruff and Bretschneider [10], but its polymer was 
not described until 1941. Since this time the 


polymer has been produced on a technical scale, 


the monomer being first formed by the cracking 
of the commercially available Freon CF,HCI at 
650-800° C, when the main reaction follows the 
equation 2CF C,F, + 2HCl. 

The yield of the gaseous monomer (b.p. 
— 76°3°) may be as high as go-95 per cent., 
although side reactions give minor amounts 
of polymers such as H(CF,),,Cl, where 2 may be 
as high as 14, and also similar cyclic products. 
The polymerization of the monomer is brought 
about in aqueous solution under pressure, and is 
catalysed by inorganic persulphates or other 
peroxy-bodies. The polymer is a white solid, 
remarkably stable to heat and oxidation—it can 
withstand temperatures of over 300° C for long 
periods without change—and also to most chemical 
reagents. Hot aqua regia and solvents at their 
boiling-points, for example, are without action 
upon it. The electrical properties are also good, 
for polytetrafluoroethylene combines a low power 
factor with a low dielectric constant. It is, how- 
ever, a material which presents some difficulty in 
working, though mouldings (e.g. gaskets for 
chemical plant) have been widely used. 

The polychlorofluoroethylenes, though less inert 
than the fully fluorinated material, also have 
applications as plastics and lubricants. Here again 
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the starting material is the commercially available 
Freon 113 (CF,CI—CFCI,), which is converted 
to the polymer by the following stages [12]: 

CF ,CI—CFCl, CF,=CFCl 


CF,=CFCI 


The first stage of the reaction occurs quanti- 


tatively at the temperature of boiling alcohol, the — 


volatile monomer produced being continuously 
removed, The monomer may be stabilized in 
storage by the addition of substances such as 
tributylamine: its polymerization occurs readily 
and will yield solid products. When it is desired 
to produce liquid polymers for use as lubricants 
the reaction is carried out in chloroform with 
benzoyl peroxide as a catalyst. The polymeriza- 
tion is a chain reaction, and both the peroxide 
and the solvent are believed to furnish terminal 
groups for the chain-like molecules. The whole 
process may be represented by a mechanism in 
which the peroxide first dissociates thermally form- 
ing a free radical R, which then reacts further: 


R + n(CF,—CFCl) — R(CF,—CFC)),, 


anhydrous hydrogen fluoride is by far the most 
important. Some of its major uses have already . 
been mentioned, but there are others which are 
comparatively new and seem likely to be of great 
importance. For example, it readily attaches to 
olefinic and acetylenic bonds in organic com- 
pounds. It is also a good catalyst for organic 
alkylation and acylation reactions, and has been 
used on a considerable scale in synthesizing high- 
octane petrol by alkylation. Yet another potential 
use arises from the recent publication of Simons 
and McArthur [13], who have shown that 
aromatic compounds in hydrogen fluoride solution 
may be oxidized by molecular oxygen under 
pressure in the presence of oxygen carriers such as 
arsenious oxide, ferric oxide, or silver oxide. 
Benzene, for example, is oxidized to phenol in very 
high yield in this medium. 

Any attempt to assess the future importance of 
fluorine and its compounds can be only a matter of 
speculation. That fluorine compounds possess 
properties differing greatly from those of com- 
pounds of the other halogens is clear. The ex- 

planation of these differences will tax the 


R(CF,—CFCl), + CHCl, -> R(CF,—CFCl)H + CCl, of ‘theoretical chemists. 


CCl, + n(CF,=CFCl) 


The presence of reactive atoms in the terminal 
groups of the polymer necessitates a final fluorina- 
tion of the product of the above reactions: this is 
done by heating the crude polymer with cobalt 
trifluoride at 200°C. Final distillation yields a 


R(CF,—CFCl),,R’ 


material with a chain length of about twelve 
carbon atoms which has excellent lubricating 
properties, and also a range of greases of higher 
molecular weight. 

Of the more familiar fluorine compounds 


—> CCI,(CF,—CFCl),. 


For the research worker, too, there are 

many problems to be solved before it is 
possible to synthesize and study molecules fashioned 
so as to contain fluorocarbon radicals in any 
desired position. When this can be done it may 
well be that valuable new physiological actions 
will be observed. The industrial uses of fluorine 
compounds are already considerable and have 
been referred to in this article only in part. The 
chief raw material, calcium fluoride, is abundant, 
and there is good reason to think that the new 
industry which has recently grown up will con- 
tinue to expand, giving us new plastics, solvents, 
lubricants, insecticides, and pharmaceuticals. 
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Boyle’s law 
DOUGLAS McKIE 


The celebrated generalization known as Boyle’s law is still often referred to as Mariotte’s 
law, and even by Boyle’s own countrymen it is sometimes called the law of Boyle and 
Mariotte. It was announced by Boyle in 1662 as a result of extensive and carefully executed 
experiments. Mariotte’s work was much later in date and was based on very few experiments. 


In 1660 the Honourable Robert Boyle published 
at Oxford his New Experiments Physico-Mechanicall, 
Touching The Spring of the Air, and its Effects (Made, 
for the most part, in a New Pneumatical Engine), etc. 
In this remarkable book Boyle described experi- 
ments on the weight and pressure of the air, 
vacuum, combustion and respiration, the solu- 
bility of air in water and its inclusion in mercury, 
the compressibility of water, the ebullition of 
liquids at ordinary temperatures under reduced 
pressure, and many other incidental matters. The 
air-pump with which the experiments were made 
was constructed for him by Robert Hooke, ‘the 
greatest mechanick of the age,’ who was then his 
paid assistant and whose help he gratefully 
acknowledged. The experimental work was done 
during the years 1658 and 1659, the book, written 
in the form of a letter to Lord Dungarvan, Boyle’s 
nephew, being subscribed at the end ‘Becon’s-field 
this goth of December, 1659.’ 

Among the forty-three numbered experiments, 
exclusive of many subsidiary ‘tryals,’ Boyle justly 
drew special attention to the seventeenth, ‘whereof 
the satisfactory tryal was the principal Fruit I 
promis’d my self from our Engine.’ Briefly, Boyle 
arranged to include in the receiver of the air- 
pump the so-called Torricellian apparatus, in 
which a tube, about one metre long and 7 mm in 
diameter, closed at one end and filled with mer- 
cury, was inverted over mercury in a small 
cylindrical bowl, the end of the tube projecting 
through the cover of the receiver and its passage 
being made airtight with melted ‘diachylon.’ On 
evacuating the receiver, Boyle found that the 
mercury in the tube, which, of course, had already 
fallen to its normal height of about 69 cm, began 
to fall further, its height decreasing at every stroke 
ofthe pump. ‘This experiment,’ wrote Boyle, ‘was 
a few days after repeated in the presence of those 
excellent and deservedly Famous Mathematick 
Professors, Dr Wallis, Dr Ward, and Mr Wren, 
who were pleased to Honor it with their Presence.’ 


On this occasion the mercury in the tube fell to 
within 2°5 cm of that in the cylindrical bowl in 
which the tube was inverted. Boyle was, however, 
troubled with ‘some little Particles of Air engag’d 
among those of the Quick-silver,’ and therefore 
the mercury did not fully regain its original height 
when air was readmitted to the receiver. 

The expected result had, however, been ob- 
tained; for removal of air from the receiver had 
shown that the mercury in the Torricellian tube 
was ‘in an £quilibrium with the Cylinder of Air, 
suppos’d to reach from the adjacent Mercury to 
the top of the Atmosphere.’ 

In evacuating the receiver Boyle had begun to 
consider the reduced ‘spring of the air’ and he had 
spoken of the ‘pressure of the air’; he regretted 
that he had so far not been able to correlate ‘the 
pressure of the air’ in the receiver with ‘the 
gravity of Quick-silver’ in the tube, although he 
felt that ‘in our Experiment there are diverse 
things given, that may be made use of towards 
such a discovery.’ Further experiments were 
made, which we shall mention later, and their 
results were reported to the Royal Society in 1661. 

In 1661 Boyle’s opinions on the Torricellian 
experiment were criticized by Franciscus Linus in 
a book published in London and entitled Tractatus 
de corpore inseparabilitate, etc. The author, although 
not denying the weight and spring of the air, 
contended that these were insufficient to sustain 
the column of mercury, which, he alleged, was 
kept in suspension by a curious ‘funiculus’ or thin 
substance, which held it to the top of the tube. 

It was in replying to Linus’s criticisms in A 
Defence Of the Doctrine touching the Spring and Weight 
Of the Air, etc., appended to the second edition of 
the New Experiments (London, 1662), that Boyle 
first published the law with which his name is 
associated. He took a long glass tube, bent into a 
U-shape, with a short closed limb and a long open 
limb, ‘which Tube, though of a pretty bigness, was 
so long, that the Cylinder whereof the shorter leg 
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be in reciprocal proportion’ 
had been suggested to Boyle by 
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FIGURE 2 — Table of rarefaction, from the Defence. 


149 


OCTOBER 1948 Boyle’s law ENDEAVOUR 
i isted admitted a list of . ; 
A Table of the Condenfation of the Air. 


4A, Thenumber of equal {paces in the 
fhorter leg, that contained che fame 


6) ad parcel of Air diverily extended. 
ace either 34 4116 der in the longer leg, chat comprefs'd 
line,... there was more and 73 47:6) 4°5 | C, The height of a Mercurial Cytinder 
more Quicksilver poured into 7 that counterbalanc’d the preffure of 
the longer Tube; and notice . theAtmofphere. 
being watchfully taken how far |*4 5°16) § D, The Aggregate ofthe two laft Co. 
the Mercury was risen in that 23| 54/321 13 615% Bat lumns B and C, exhibiting the preflure 
longer Tube, when it appeared 3 fuftained by the included Air, 
to have ascended to any of the What that preffure thould be accor- 

i 16 


ding tothe Hyporhefis, that fuppofes 


19} | 7433] 7388 
the several Observations that 77 


FIGURE I — Table of condensation, from the Defence. 


Richard Townley, as Boyle 
himself stated at this point; but 
Townley did not complete his 
promised ‘Discourse’ or, so far 
as is known, make any experi- 
ments. Accordingly, continued 
Boyle, ‘our present design in- 
vites us to present the Reader 
with that which follows’; and 
he went on to report the results 
of a series of experiments on 
rarefaction. A glass tube open 
at both ends was taken and a 
‘list of Paper divided into Inches 
and half quarters’ was pasted 
along its length. The tube was 
then thrust down into a larger 
tube almost filled with mercury 
and then sealed at the upper 
end with wax so that there was 
about 2-5 cm of air included. 
The tube was raised by degrees 
and the height of the mercury 
column in it measured together 
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with the length of the included and steadily dilat- 
ing column of air. Results were given in the 
table on page 149 (figure 2). 

Boyle had previously given an account of the 
experiments on ‘condensation’ to the Royal 
Society on 11th and 18th September, 1661, and 
the minutes of the meeting held on the latter date 
record that ‘Mr. Boyle brought in his account in 
writing of the experiment made by him of the 
compression of air with the quicksilver tube; 
which was ordered to be registered.’ The original 
Register Book in the archives of the Royal Society 
contains this account in the form of a table of 
experimental results identical with that already 
quoted and published later in 1662 (see figure 3). 

We have no record of Townley’s correspondence 
with Boyle about his hypothesis. Hooke later 
referred to Boyle’s ‘deservedly famous Pneumatick 
Book’ and to ‘Mr. Townly’s Hypothesis’ and des- 
cribed some experiments that he had made on 
end August, 1661, ‘having lately heard of Mr. 
Townly’s Hypothesis,’ but made no claim to priority 
over Boyle (Micrographia, London, 1665, pp. 
222-8). Hooke reported to the Royal Society on 
10th December, 1662, the results of experiments 
on rarefaction, and the account, ordered to be 
registered, is extant in the archives of the Society. 

Thus Boyle’s work was published in complete 
form in 1662. The Defence was well known, and a 
further edition followed in 1663 in Latin (Defensio 
doctrine, etc., London, 1663). Other Latin edi- 
tions were published at Rotterdam in 1669 and 
Geneva in 1677, all before the publication of 
Mariotte’s book. 

Edmé Mariotte was a member of the French 
Académie des Sciences. The work said to contain his 
formulation of the law connecting the pressure 
and volume of air is stated to have been published 
in 1676. Long search in the literature has so far 
not confirmed this date. 

Mariotte’s De la Nature de l’Air occurs as the 
second essay in his Essays de Phisique, which bears 
only a general title-page or rather a half-title 
without place or date of publication or author’s 
name, covering a work comprising four essays, 
every one of which has a separate title-page with 
place and date of publication and author’s name 
and separate pagination. The first three essays 
bear the date of 1679 on their title-pages; the 
fourth is dated 1681. 

It is the second essay that concerns us. The 
experiments—only six in all—resemble Boyle’s. 
Mariotte began by stating that air was heavy, as 
indicated by the Torricellian experiment, and 


FIGURE 3- Table from the MS. Register Book of the 


Royal Society. (By courtesy of the President and Council.) 


went on to show that its volume depended on the 
weight to which it was subjected. He took a tube, 
closed at one end and 102 cm long, and filled it 
with mercury up to 71 cm, so that it contained 
31 cm of air. He then inverted it over mercury so 
that 2°5 cm of the tube was below the surface of 
the mercury, there being one metre of the tube 
exposed. If the air was dilated according to the 
relationship assumed, namely, that its ‘condensa- 
tion’ was proportional to the weight that it sup- 
ported, there should be 36cm of mercury and 
64cm of air in the tube, which proved to be 
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FIGURE 4 — Boyle’s pump, from the New Experiments 
(1660). 


correct when the experiment was made. Halving 
the weight of the mercury column from its normal 
length had dilated the air to twice its former extent. 

Mariotte added that he had made other 
similar and successful experiments. It may be 
noted that the first two dealt with the expansion 
of air. More sensitive experiments, he said, could 
be made in a bent tube, the shorter and closed 
limb of which contained some air over mercury, 
the longer and open limb containing mercury to 
the same height as that in the closed tube. He 
then described four experiments on compression, 


Boyle’s law 


similar to those of Boyle, whom he nowhere men- 
tioned. In the first, 30 cm of air were compressed 
to 20 cm by adding mercury to the open limb to 
a height of 35 cm above that in the closed limb, 
the total weight of mercury being then 70 + 35, 
or 105, and 105 being to 70 as go to 20. In three 
similar experiments the lengths of the mercury 
column corresponding to reductions of the column 
of air to a half, a third, and a quarter of its original 
length were determined and were found to agree 
with the predicted values, namely, 70, 140, and 
210cm of mercury in addition to the normal 
70 cm corresponding to the weight of the atmo- 
sphere. Thus the total number of experiments 
reported by Mariotte was six, two for rarefaction 
and four for compression, and all related to simple 
cases. It is not an impressive result as compared 
with Boyle’s forty-four determinations. Moreover, 
it will be seen that Mariotte’s experimental figures 
have been calculated beforehand from the hypo- 
thesis for six simple cases, and that the results 
serve rather to illustrate the hypothesis than to 
test its correctness in an exhaustive manner. 

Mariotte’s essay contains many phrases recalling 
those of Boyle; the reader gets the impression that 
its author was familiar with Boyle’s work and that 
he was not making an independent discovery but 
rather illustrating one already made by another. 

It cannot therefore be questioned that Boyle 
first formulated the law that should properly be 
known by his name alone, and that he published 
his work in 1662, embodying experimental data 
to show ‘the pressures and expansions to be in 
reciprocal proportion.’ Mariotte’s work was both 
later in time and inferior in quality. 

The date of Mariotte’s essay, as we have noted, 
is widely given as 1676. The Bibliothéque Nationale, 
however, possesses no copy of the work earlier 
than that of 1679, when it appeared as the second 
essay in the Essays de Phisique. The Histoire of 
the Académie does not mention it until 1679. The 
Journal des Sgavans contains no earlier reference 
than 1679, when the essay was reviewed in the 
issue for 20th November and included in the list 
of books published in 1679 given at the end of the 
volume of the Journal for that year. In these 
circumstances no date earlier than 1679 can 
safely be assigned to Mariotte’s essay at present. 
The date 1676 may have crept in by some mis- 
print: one such does indeed occur in the Amster- 
dam reprint of the Journal des Sgavans for 1679, 
where the list of books published in 1679 includes 
the first three essays, but the review of the first 
essay gives the date as 1676. 
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Chemical properties and structure 
of the penicillins (concluded) 


E. CHAIN 


In the continuation of his article, the first part of which was published in our July issue, 


Dr Chain describes the research which led to the final elucidation of the structure of the 
penicillin molecule. At a comparatively early stage this resolved itself into a choice between 
a B-lactam and a thiazolidine-oxazolone structure, the former ultimately proving to be the 


correct one. He discusses also attempts to synthesize penicillin either partially or completely. 


It may be mentioned that, in addition to the 
B-lactam and thiazolidine-oxazolone structures, 
two other formulae for the penicillin molecule 
received serious consideration. One was the tri- 
cyclic structure XIII and the other the azlactol 
structure XIV: 


(CH;),C—— 


XIII XIV 


The tricyclic formula, suggested by Rohrmann 
of the Eli Lilly group (February 1944), and in- 
dependently by F. A. Robinson of the Glaxo 
group (March 1944), contained the penillic acid 
skeleton preformed and could therefore explain 
the facile formation of the penillic acids in acid 
solution. It did not explain in a plausible manner 
the absence of a basic group in the penicillin 
molecule and the formation of a-esters and amides 
of the penicilloates under the influence of primary 
alcohols and amides. Esters of the penillic acids 
would be expected to be formed under these 
conditions. It was discarded when it was shown 
to be incompatible with the results of crystallo- 
graphic X-ray measurements. The azlactol for- 
mula, suggested by Stodola of the Northern 
Regional Research Laboratory (September 1944), 
was a compromise between the B-lactam and the 


CH.COOH (CH,),C——CH.COOH 
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thiazolidine-oxazolone structure. This formula 
also failed to explain the absence of a basic group 
in the penicillin molecule; furthermore, primary 
alcohols when reacting with the carbinol-amine 
group of the azlactol structure would be pee 
to give stable alkylethers. 

Measurements of the infra-red spectra of 
the penicillins were incompatible with both 
the tricyclic and azlactol structures. 


DECISION BETWEEN THE B-LACTAM AND 
THIAZOLIDINE-OXAZOLONE STRUCTURES 


- EVIDENCE BASED ON THE STUDY OF 
MODEL COMPOUNDS 


Numerous thiazolidines, with both free and 
acylated imino groups, were synthesized. All 
thiazolidines with free imino groups had pro- 
nounced basic properties, reacted instantaneously 
with iodine, were oxidized by permanganate to 
sulphonic acids, and poisoned hydrogenation 
catalysts. The thiazolidines with acylated imino 
groups had no basic group, were resistant to 
iodine, formed sulphones on oxidation with per- 
manganate, and did not poison hydrogenation 
catalysts. The properties of the penicillins, which 
possess no basic group, do not react with iodine, 
form sulphones on oxidation of the methyl esters 
with permanganate, and can readily be reduced 
catalytically when possessing unsaturated side 
chains, are thus in accordance with those of an 
acylated thiazolidine such as is represented in the 
B-lactam structure, and are not compatible with 
a thiazolidine possessing a free imino group such 
as is postulated in the thiazolidine-oxazolone 
structure. At one stage of the investigations it 
was suggested that the carbonyl group in the 
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oxazolone ring and the imino group in the 
thiazolidine ring of the thiazolidine-oxazolone 
structure interacted in the same way as >NH 
and >CO in an amide group. It was found, 
however, that the basicity of the imino group in 
model compounds such as structure XV: 


| 
S NH 
CH 
| 
CH——CO 
* 
CH,—CH, 
XV 


was not appreciably smaller than in other thia- 
zolidines. Oxazolones of the type postulated in 
the thiazolidine-oxazolone structure were found 
to be much less stable in water than the peni- 
cillins. All oxazolones, even the most stable ones, 
react with liquid ammonia to give the amides of 
the corresponding acylated amino-acids; the 
sodium salts of penicillins were found to be stable 
in liquid ammonia. These results were not in 
agreement with the presence of an oxazolone 
ring in the penicillin molecule. A number of 
B-lactams were synthesized, among them some 
which contained the fused thiazolidine-B-lactam 
ring system postulated in the B-lactam structure. 
The f-lactams contained no basic group and in 
this respect resembled the penicillins; they differed 
from them in their greater stability towards acids, 
alkalis, alcohols, and amines. Perhaps the most 
significant data that emerged from the study of 
the B-lactams were the infra-red spectra of the 
fused “ thiazolidine-B-lactam models. They all 
showed bands close to 5°62, which are also 
exhibited by the penicillins. This band, which in 
simple B-lactams is shifted to values near 5°7 u, 
could be attributed to the carbonyl group of the 
B-lactam ring and was thus strong evidence for 
the presence of such a ring in the penicillin mole- 
cule. 

Summing up the work on model compounds, it 
can be stated that it produced definite evidence 
against the thiazolidine-oxazolone structure, but, 
with the exception of the important infra-red 
data, no positive evidence for the B-lactam struc- 
ture. However, the results of studies on thiazoli- 


dines and oxazolones were all compatible with 
the B-lactam structure. 


2. EVIDENCE BASED ON DEGRADATION 
STUDIES 


(a) The Penicillenic Acids 


Thiazolidines are readily split by mercuric 
chloride into the thiol-amino and carbonyl com- 
ponents. The carbonyl component of the peni- 
cillin molecule, as represented by the thiazolidine- 
oxazolone structure, is a 2-substituted 4-hydroxy- 
methylene-oxazolone. As soon as the thiazolidine- 
oxazolone structure was suggested attempts were 
made to isolate 2-benzyl-4-hydroxymethylene- 
oxazolone by decomposition of benzylpenicillin 
with mercuric chloride. They were unsuccessful. 
Penicillin proved to be much more stable towards 
mercuric chloride than ordinary thiazolidines 
with non-acylated imino groups; this was addi- 
tional evidence against the thiazolidine-oxazolone 
structure. By the prolonged action of mercuric 
chloride benzylpenicillin was slowly decomposed 
into penicillamine, benzylpenilloaldehyde, and 
carbon dioxide. However, workers of the Merck 
group found that when the methyl ester of benzyl- 
penicillin was treated with mercuric chloride in 
ethereal solution a product was obtained which 
exhibited a strong absorption band at about 
3,200 A. This band was shown to be characteristic 
of aminomethylene-oxazolones of the type: 


—NHCH=C—COo 


which had been prepared synthetically by con- 
densation of hydroxymethylene-oxazolones and 
amines. The compound obtained from benzyl- 
penicillin methyl ester by the action of mercuric 
chloride was termed penicillenic acid. With 
sodium hydroxide it was hydrolysed and the 
sodium salt of 2-benzyl-4-hydroxymethylene- 
oxazolone could be isolated in crystalline form. 
With benzylamine it reacted to give the benzyl- 
amide of benzylpenicilloic acid. On the basis 
of these reactions, which are represented in 
the following scheme, benzylpenicillenic acid was 
assigned the structure XVI. It could be syn- 
thesized readily by condensation of penicillamine 
and 2-benzyl-4-hydroxymethylene-oxazolone: 
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(CH,),C—-CH.COOH with Raney nickel. This important work was 
carried out by members of the Merck group 
SH doa CHOH (December 1944 to April 1945). Three products 


CH C,,H,,O,N, and was termed desthiobenzyl- 


I were isolated. One had the composition 

H ; 

-_ | penicillin. It was a monobasic acid, not possessing 
N= 


XVI Cc—CO —— a basic group and stable to refluxing with 


| ~e methanol and treatment with acid or alkali at 
N= CH,.C.H; room temperature. On warming with normal 
a alcoholic hydrochloric acid at 60-75°C for 15 
2C.H, minutes, or with o-1N sodium hydroxide at 100° C 


for 15 hours, it was hydrolysed with the formation 
of desthiobenzylpenicilloic acid, a product which 
could also be prepared by desulphurization of 
| Cig SRE, benzylpenicilloates with Raney nickel. When 
refluxed for three hours in dioxane with benzyl- 


(CH;),C—CH.COOH amine, desthiobenzylpenicillin was converted into 
| the benzylamide of benzylpenicilloic acid by 
S NH treatment with Raney nickel. On the basis of 
‘“ these reactions the only possible formula for 
l desthiobenzylpenicillin was the B-lactam structure 
XVII, the alternative oxazolone structure being 
5: eines ean out of question because of the stability of the 
d 
NHCOCH,C,H, 
(CH,),CH—CH.COOH 
In the absence of other evidence, the isolation L 
in crystalline form of one of the compounds of the 
thiazolidine-oxazolone structure would have had 
to be regarded as the strongest obtainable “ ’ Py 
chemical evidence for this structure. However, CH 
at the time when the Merck workers isola- | 
ted 2-benzyl-4-hydroxymethylene-oxazolone from NHCOCH,C,H; 


benzylpenicillin methyl ester so much evidence 
against the thiazolidine-oxazolone structure had 

already been accumulated that a less simple | 
explanation for its formation than the straight- 


Hydrolysis with Refluxing with 
forward breakdown of this structure had to be hot acid or alkali benzylamine 
taken into consideration, namely an intramole- 
cular rearrangement of the f-lactam structure. 


That the penicillin molecule had 


the capability of readily under- (CH;),CH—CH.COOH (CH,;),CH—CH.OOH 

going intramolecular rearrange- 

ment was already known from NH NH 

the formation of the penillic acids vid fe 

in acid solution. CH, be 

(b) Desthiopeniciilin CH.COOH CH.CONHCH,C,H, 
The arguments in favour of 

the thiazolidine-oxazolone struc- NHCOCH,C,H, NHCOCH,C,H, 


ture resulting from the isolation ‘: 
of 2-benzyl-4-hydroxymethylene-oxazolone were Thus two mild degradation reactions of benzyl- ; 
neutralized by the isolation of new degradation penicillin had given products containing ring 
products on desulphurization of benzylpenicillin systems present in each of the two structures 
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under debate, and all that could be deduced with 
certainty was that the penicillin molecule had the 
capability of readily undergoing an intramole- 
cular rearrangement in which either an oxazolone 
ring was transformed into a B-lactam ring, or a 
B-lactam ring into an oxazolone ring. The two 
other products of hydrogenolysis of benzylpeni- 
cilln with Raney nickel were identified as 
the isobutylamide of N-phenylacetyl-/(-+-)alanine 


(CH,),C—-CH.COOH 


WN 
\ Raney nickel 
CH CO 
N-—CH, 
| 
COCH,.C,H, 
XX 


(XIX) and N-(N-phenylacetyl-/(-+)alanyl)d(—) 
valine (XVIII). 


(CH,),CH—CH.COOH (CH,),CH.CH, 


(CH,),CH—CH.COOH 


This substance when subjected to hydrolysis with 
20 per cent. hydrochloric acid at 100° C yielded 
phenylacetic acid, glycine, and valine. When 
heated at 120° C with 20 per cent. hydrochloric 
acid it gave one molecule of formaldehyde. On 
the basis of these reactions, represented in the 
scheme below, structure XXI was assigned to 
desthiobenzylpenillonic acid and the structure for 
benzylpenillonic acid was accordingly XX: 


(CH,),CH—CH.COOH 


N NH 
CH, CO 4 
H.CHO 
N—-CH, 
| NH,CH,COOH 
COCH,C,H, 
XXI C,H,CH,COOH 


The elucidation of the structure of penillonic 
acid did not contribute new factors which would 
allow a clear-cut decision to be made between the 
thiazolidine-oxazolone and f-lactam structures. 
All it showed was that the penicillin molecule 


= oe was capable of undergoing yet another intra- 
CH. CO CH. CO molecular rearrangement, the mechanism of 
ti ay, which was difficult to explain on the basis of 

CH CH either structure. 

| | 

NHCOCH,C,H,; NHCOCH,C,H,; (d) The Thiocyanate Derivative of Benzyl- 

XVIII XIX penicillin 


The formation of these products could be ex- 
plained most easily on the basis of the B-lactam 
structure. In particular it was significant that 
product XVIII appeared to derive directly from 
benzylpenicillin, for it could not be obtained from 
desthiobenzylpenicillin by subjecting the latter to 
further hydrogenolysis. 


(c) Benzylpenillonic Acid 

A new isomerization product of benzylpeni- 
cillin was isolated by the Merck workers (June- 
August 1944). It was formed when the methyl 
ester of benzylpenicillin was heated in boiling 
xylene, or in toluene in the presence of a trace of 
iodine. It was termed benzylpenillonic acid. The 
compound was stable to refluxing in xylene in the 
presence of benzylamine, and to cold acid or 
alkali. By treatment with Raney nickel it was 
transformed into desthiobenzylpenillonic acid. 


It was known that oxazolones reacted 
with thiocyanic acid to give 1-acyl-2-thiohydan- 
toins. Thus 2-methyl-4-phenyl-oxazolone reacted 
with ammonium thiocyanate to give 1-benzoyl-2- 
thio-5-methylhydantoin: 


C,H,—CH—CO CH,CH—CO 
ig | 
C,H,CO.N—CS 
| 
CH, 


Consequently the action of thiocyanic acid on 
benzylpenicillin was studied extensively (Cornell 
group and Squibb group, December 1944 to 
September 1945). A crystalline thiocyanate 
derivative was obtained by reacting the methyl 
ester of benzylpenicillin with ammonium thio- 
cyanate. The elucidation of the structure of this 
compound showed, however, that it possessed the 
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dihydrothiouracil structure XXII and not the 
thiohydantoin structure XXIII: 


of benzylpenicillin, and the interatomic distances 
between all atoms of the molecule were deter- 
mined with an accuracy of 


(CH;),C—CH.COOCH, (CH;),CH—CH.COOCH, o-15, A. They provided un- 
| | ambiguous evidence for the 

SN SNH existence of the B-lactam ring 
Wee ‘ in the penicillin molecule 

| = the 
thiazolidine-oxazolone struc- 

ture. In figure 1 a model of 
rere) /NH the molecule of benzylpeni- 
C.H.CH,.CO.N—-CS cillin based on the X-ray 

XXII XXIII ments is represented. The 


It was synthesized by condensation of 6-methyl 
d-benzylpenicilloate and potassium thiocyanate 
in the presence of acetic anhydride containing a 
trace of sulphuric acid. The formation of the 
thiocyanate derivative from benzylpenicillin could 
readily be explained on the basis of the B-lactam 
structure, whereas it was not easily understandable 
on the basis of the thiazolidine-oxazolone struc- 
ture. 

Summing up the evidence 
obtained from the degradation 
studies it can be stated that it 
was ambiguous with regard to 
the formation of penicillenic 
acid containing an oxazolone 
ring, and desthiopenicillin con- 
taining a f-lactam ring; the 
formation of the other pro- 
ducts of hydrogenolysis, the so- 
butylamide of N-phenylacetyl- 
alanine and N(N-phenylacetyl- 
1(+-)alanyl) d(—) valine, as well 
as the formation of the thiocya- 
nate derivative, were in better 
agreement with the B-lactam 
than with the thiazolidine-ox- 
azolone structure. 


X-RAY CRYSTALLOGRAPHIC 
MEASUREMENTS 


The final decision between 
the two structures, in favour 
of the B-lactam structure, was 
made through X-ray crystallo- 
graphic studies. Fourier ana-- 
lyses of electron diffraction 
densities were made in three 
dimensions on single crystals of 
the sodium and potassium salts 


FIGURE I — Model of the mole 


molecule has a semicircular 
form, the carboxyl group and the B-lactam ring 
lying on opposite sides of the thiazolidine ring 
while the amide side chain and the thiazolidine 
ring lie on the same side of the B-lactam ring. 
The a-carbon atoms of the penicillamine and 
penaldic acid moieties have different configura- 
tions, which is in accordance with the fact that 
penicillamine was shown by chemical degradation 


of benzylpenicillin. 
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to belong to the d-series and penaldic acid to the 
l-series. 

Thus the X-ray crystallographic method has 
not only been of great value in the studies con- 
cerned with the structure of the breakdown pro- 
ducts of the penicillins but has played an im- 
portant role in the final elucidation of the structure 
of the penicillin molecule itself. 


O 


FIGURE 2 — Interatomic distances (A) in molecule of 


benzylpenicillin. 
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The unstable intermediate formed, possibly of 
the structure: 
(CH,),C—-CH.COOH 4 
SH N+ 
an 
CH CO 
O 
\" 
NHCO.R 


fe has the tendency to rearrange 


O c+* -N—* cH itself into an oxazolone. This 
1-47 1-51 is exemplified in the facile 
151 formation of benzylpenicillenic 

1-50 ——CH acid from the methyl ester of 
1-33 36 benzylpenicillin on treatment 
CH, with mercuric chloride in ethe- 


real solution. It is the amide 
side chain which makes pos- 
sible and induces in the peni- 


EXPLANATION OF THE INSTABILITY OF THE 
PENICILLIN MOLECULE ON THE BASIS OF 
THE B-LACTAM STRUCTURE 


The B-lactam structure having been established 
beyond doubt, an explanation for the reactivity of 
the penicillin molecule has to be found on the 
basis of this structure. One of the difficulties 
apparently inherent in the B-lactam structure is 
the fact that all hitherto-studied B-lactams, in- 
cluding desthiopenicillin and models containing 
the same fused thiazolidine-B-lactam system as 
is present in the penicillin molecule, proved to 
= be very much more stable towards acid and 
: alkali than the penicillins are. However, the 
m- penicillin molecule possesses structural features 
me which are absent in the model compounds 
hitherto synthesized and in desthiopenicillin, and 
comparisons with these have therefore only a 
limited validity. 

The reactivity of the penicillin molecule can 
a be explained by assuming that it is not the p- 
me ©6lactam ring but the thiazolidine ring which is 
attacked and ruptured first under the influence 

m™ of the different reagents. This is due to the 
tendency of the electronegative sulphur to give 
off electrons to cationic acceptors. This is al- 
most certainly the case in the metal-catalysed 
alcoholysis of the penicillins which leads to the 
formation of penicilloates; the formation of peni- 
cilloates under the influence of alkalis or pri- 
mary amines can be explained on the same 
basis. 


cillin molecule the tendency to 
undergo the rearrangement to an oxazolone. The 
further reactions of the intermediate oxazolones 
with alkalis, alcohols, or amines, leading to the 
opening of the oxazolone ring and the formation 
of penicilloates, follow as a matter of course. 
Thus it is the tendency of the penicillin molecule 
to rearrange itself into a reactive oxazolone, after 
the primary fission of the thiazolidine ring, which 
is the cause of its high degree of reactivity, and it 
is clear why the model B-lactams which do not 
possess this tendency are much more stable. All 
the model B-lactams at present available, and 
desthiopenicillin, lack the combination of an 
amide side chain and a fused thiazolidine-B-lactam 
ring system, and it is on this combination of 
factors that the tendency of the penicillin molecule 
to rearrange itself into an oxazolone depends. 
Another difficulty connected with the B-lactam 
structure was the penillic acid rearrangement - 
occurring in acid solution. This reaction also 
presents no difficulties if the intermediate forma- 
tion of an oxazolone is assumed. As was pointed 
out by Sir Robert Robinson at an early state of 
the investigations, the formation of penillic acid 
from penicillin on the basis of the thiazolidine- 
oxazolone structure was analogous to the forma- 
tion of an amidine from an imino-ether, and an 
electronic mechanism for the rearrangement was 
suggested by him. It has now been shown that 
crystalline benzylpenicillenic acid can be trans- 
formed in good yield into benzylpenillic acid 


(du Vigneaud, communication to the Tenth 
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International Chemical Congress, 1947), and thus 
it has been proved experimentally that the above- 
postulated type of conversion does in fact take 
place. 
ATTEMPTS TO SYNTHESIZE THE 
PENICILLIN MOLECULE 

Numerous attempts, which cannot be described 
in detail, were made to synthesize the penicillin 
molecule. These were predominantly directed 
towards the thiazolidine-oxazolone structure. 
Many attempts to ring-close penicilloates were 
made, but all proved unsuccessful; in no case 
was material possessing antibacterial activity of 
the penicillin type obtained. Another obvious 
method of synthesizing the thiazolidine-oxazolone 
structure was the condensation of penicillamine 
and 2-substituted 4-hydroxymethylene oxazolones. 
At an early stage of the work (early in 1944) 
traces of biologically active material were ob- 
tained by this method by workers of the Merck 
group and by the Oxford workers. Later it was 
shown that the antibacterial material obtained by 
condensation of d-penicillamine and 2-benzyl- 
4-methoxymethylene-oxazolone in pyridine at 
75° C behaved biologically and chemically like 
benzylpenicillin. Finally a small amount of the 
crystalline triethylamine salt was isolated from 
the reaction mixture, and this proved identical 
with the natural compound. It has not been 
possible to increase the yield of the active material. 
Methods designed to give specifically the B-lactam 
structure have not so far led to the formation of 
biologically active material of the penicillin type. 

Thus the paradoxical situation has arisen that 
the only method of preparation which has given 
a trace of synthetic penicillin was devised on the 
basis of a structural formula for the penicillin 
molecule which has since been proved incorrect. 
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SEMI-ARTIFICIAL PENICILLINS 


The only natural penicillin that can be chemi- 
cally modified by the introduction of different 
groups into its side chain is p-hydroxybenzyl- 
penicillin. ~-Hydroxybenzylpenicillin can be 
diazotized in aqueous solution, under conditions 
in which the biological activity is preserved 
(Northern Regional Research Laboratory, 1944), 
and numerous ‘azopenicillins’ have been pre- 
pared by coupling it with various diazonium 
salts. This method allows of the introduction of 
a great variety of groups into the penicillin mole- 
cule. The azopenicillins are active against the same 
bacteria as the natural penicillins, and their anti- 
bacterial activities are of the same order, though 
small quantitative differences exist. Their pharma- 
cological properties have not yet been studied. 
p-Hydroxybenzylpenicillin can also be iodinated, 
and 3:5-di-iodo-4-hydroxybenzylpenicillin was 
isolated in the form of its crystalline sodium salt. 
Semi-artificial penicillins can also be prepared by 
the addition of chemical precursors during fer- 
mentation. The production of benzylpenicillin is 
increased when phenylacetic acid or phenyl- 
acetamide is added to the culture medium, 
and it was shown that ring-substituted phenyl- 
acetic acid derivatives are also incorporated 
by the mould into the penicillin molecule (Eli 
Lilly group, 1944). In this way a number 
of penicillins containing substituted benzyl 
groups in their side chains, such as p-methoxy- 
benzyl-, p-fluorobenzyl-, and others, have been 
prepared in the form of their crystalline sodium 
salts. 

The chemical work on penicillin has brought 
to light a multitude of new facts which may have 
importance beyond the limited field of penicillin 
chemistry. 
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Solar prominences 
DAVID S. EVANS 


Solar prominences provide astronomers and astrophysicists with many difficult problems. 
In recent years new methods of observation of the prominences have been elaborated, 
including the ingenious device of producing an artificial solar eclipse employed by Professor 
Lyot at the Pic du Midi observatory. Dr Evans describes modern work on the subject and 
himself suggests a possible explanation of the way in which the prominences are supported. 


At times of total eclipse it may be seen that the 
sun possesses a number of appendages: the corona, 
of a pearly white colour, and of a total brightness 
about equal to that of the full moon, which ex- 
tends outwards from the sun for something of the 
order of one and a half million kilometres, the 
radial distribution being roughly uniform but 
diversified at times by narrow streamers issuing 
from the poles of the sun or by other structural 
details. At such times there may also be seen solar 
prominences—flame-like, luminous, red-coloured 
structures issuing from the hidden disk of the sun 
and extending outwards for a distance of perhaps 
one hundred and fifty thousand kilometres or 
more. In addition, instrumental methods of 
observation disclose the existence of a solar surface 
layer, the chromosphere, a few thousand kilo- 
metres in thickness, the light of which originates 
not in general heat radiation as does that from 
the solar disk, but in spectral lines of elements in 
emission. 

These solar appendages are rendered visible by 
the cutting off of the overpowering light from the 
solar disk by the interposition of the moon, but 
since this is a very rare occurrence methods have 
been developed for the continuous observation of 
the appendages at all times. Historically the 
first of these was the method of the spectrohelio- 
graph, an instrument which represents an exten- 
sion of the principle of the spectroscope. A 
spectrum of a part of the solar surface is formed by 
placing a slit across an image of the sun formed by 
a telescope. From this spectrum one line is 
selected by means of a second slit, so that what is 
transmitted by the second slit is an image of part 
of the solar surface in light of a single colour. By 
scanning the solar image through the first slit, 
keeping the wavelength selected by the second the 
same, it is possible to build up, strip by strip, a 
monochromatic image of the sun. The principle 
was developed in this form by the American 


astronomer Hale, and independently, and with 
differences of detail, in the form of an instrument 
known as the enregistreur des vitesses by the French 
astronomer Deslandres, both in 1890. If the 
selected wavelength is that of a strong absorption 
line on the solar disk the brightness of the disk is 
much reduced, and if it is also a wavelength in 
which the prominences emit strongly (e.g. one of 
the Balmer lines of hydrogen) the brightness of the 
prominences relative to the disk will be much 
increased and will appear on the resulting spectro- 
heliogram. A further development of this method 
has been made by McMath and his colleagues [1], 
who devised the spectroheliocinematograph, in 
which a scan of part of the solar disk is made very 
rapidly and recorded on a frame of ciné film. 
When projected, the film shows movements and 
changes of form in prominences in the most 
striking way. 

The function of the spectroheliograph is thus 
that of a filter. An alternative method of observa- 
tion developed by Lyot is that of the construction 
of an artificial solar eclipse [2]. Tremendous 
technical difficulties had to be overcome, but the 
principle is very simple: an image of the sun and 
surrounding sky is formed, and the solar image is 
blocked out by a disk. Additional lenses remove 
light scattered by the periphery of the first lens, 
and in the final image the prominences can be 
seen standing out from behind the disk covering 
the sun. The attainment of this result required 
many years of work and equipment of the highest 
quality, but already several years before the war 
Lyot had succeeded in obtaining ciné films of 
prominence movements at the observatory of the 
Pic du Midi at an altitude of almost 3,500 metres 
in the Pyrenees. A newly established station of 
the Harvard Observatory at Climax, Colorado, 
has succeeded in duplicating Lyot’s equipment. 

Lyot himself has recently given an account of a 
completely different observational technique [3] 
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which permits observations not only of the promi- 
nences and of the inner corona, as did his first 
instrument, but also of the solar disk, the chromo- 
sphere, and a much greater extent of the corona. 
The device is an optical analogue of the band-pass 
filter, and consists of a series of plates of quartz of 
thicknesses 1, 2, 4, 8, etc., units. These plates 
form a stack through which the light passes from 
end to end. The optical axes of the quartz plates 
are parallel and in the plane of their faces. Before 
and after the first and last plates and between each 
pair are placed polarizers (e.g. Polaroid sheets) 
with axes at 45° to the quartz axes. This arrange- 
ment gives a filter transmitting a certain funda- 
mental wavelength, which depends on the 
thickness of the first quartz plate, and all integral 
multiples of that wavelength. The transmitted 
wavelengths can be varied by changing the 
temperature of the filter by a few degrees. The 
width of the band passed at each wavelength 
depends on the number of quartz plates used. By 
the use of this device modified in certain details, 
notably by the use of birefringent polarizers which 
can be used to produce a number of separated 
images, Lyot has been able to produce simul- 
taneous trichromatic ciné films, showing the solar 
surface, the prominences, and the corona as seen 
in the light of the green coronal line at 5303 A, 
the red coronal line at 6375 A, and the Ha line of 
the prominences at 6563 A. 

In a sense the original Lyot method and the 
McMath method were complementary. McMath’s 
method showed not only the prominences but the 
solar disk beneath them, though it suffered from 
the disadvantage that line-of-sight motions of 
prominence material might cause a Doppler shift 
of the emitted wavelength sufficient to displace its 
image off the second slit. This would mean that 
a portion of a prominence in rapid recession 
would not be recorded, and parts of prominences 
might seem to vanish or appear simply as a result 
of change of line-of-sight velocity. 

More recently an instrument of a new type has 
been installed at the McMath Hulbert Observa- 
tory which enables true three-dimensional move- 
ments of prominence material to be determined 
[4]. On each frame of the cinematograph film a 
scan of the prominence is first made with a wide 
slit of sufficient breadth to include even large 
shifts due to Doppler effect. The resulting strips 
thus each show at their centres an emission line 
due to the prominence, which will be distorted at 
places where line-of-sight motions are taking 
place. From the amounts of these distortions the 


line-of-sight motions can be determined. In order 
to fix the parts of the prominence to which these 
radial motions refer and to determine transverse 
motions, a continuous scan, slightly under- 
exposed, is made on the same frame of the film. 
This method thus eliminates one of the disadvan- 
tages to which the original spectroheliocinemato- 
graph observations were subject. 

The particular disadvantage from which Lyot’s 
original observations suffered was that, owing to 
the necessity of making the obscuring disk slightly 
larger than the apparent size of the sun, neither the 
solar surface beneath the prominences nor certain 
types of prominence (particularly the surge pro- 
minences—short spikes ejected from the sun and 
almost immediately retracted) could be observed. 
Such prominences could be observed on the 
McMath films. On the other hand, Lyot’s films 
had a greatly superior definition and did not suffer 
from possible distortion by Doppler effects. Even 
now, however, with Lyot’s new methods and the 
elimination of the obscuring disk, it seems probable 
that the work of the two observatories will remain 
complementary in many respects. 

It will already be clear by implication that 
prominences show a great variety of form, but 
certain generalizations about all types are possible. 
In particular, prominences are usually associated 
with sunspots or disturbed regions of the solar 
surface, and spectroheliograms of sunspot regions 
often show curved filamentous structures which, 
when carried to the limb by solar rotation, prove 
to have been prominences seen from above. 

Among the smaller types of prominence which 
are observed, in addition to the surge prominences 
already mentioned, are those known as tornado 
prominences, which resemble a gaseous waterspout, 
showing a luminous column perhaps 100,000 km 
in height which has a rapid rotational motion but 
only a relatively small bodily translation. The 
largest prominences may be up to several hundred 
thousand kilometres in height, with a basal exten- 
sion sometimes several times as large. Some con- 
sist merely of quiescent columns of gas, but explo- 
sive types also occur, and in some cases the 
velocity of ejection of material from the solar 
surface may be so great that a mass of material is 
thrown out and becomes permanently detached. 

It is necessary, however, to emphasize the 
curious observational fact that the vast majority 
of prominence motions are downwards and not 
upwards, and that the flame-like appearance is 
deceptive and likely to lead to conclusions that are 
false if pressed too far. Just before the war the 
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FIGURE 1 —Solar prominence. Meudon Observatory. 26th, 27th, 28th, and 29th August, 1929. 


. SIGURE 2 - Great prominence. Total eclipse of sun, 29th May, FIGURE 3 - Solar prominences, 10th October, 1910. Yerkes Ob- 
mengig. Taken at Sobral (Brazil). (Reproduced by permission, of the — servatory. Upper photograph taken at 7.57 and lower at 8.06 G.M.T. 


tronomer Royal.) 
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8 h. 58 m. 9h. 3m. 
FIGURE 4 — Eruptive prominence (max. height 567,000 miles). Photographs by Royds. Kodaikanal. 19th November, 1928. 
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films of McMath and of Lyot were shown in Lon- 
don and aroused intense interest. The delicacy of 
appearance (particularly of Lyot’s pictures), the 
complexity of movement, and infinite changes of 
form and structure aroused audiences to enthu- 
siasm. The particularly striking features were the 
very narrow streamers issuing from prominences, 
along which matter passed downwards either in 
continuous motion, or in the form of knots which 
had the appearance of moving along, as it were, 
predestined paths. It became a problem for 
heated discussion whether these motions were real 
motions of matter, as they seemed to be from the 
appearance of moving knots, or whether they 
consisted in the propagation of a state of excitation 
through stationary material, as the appearance of 
fixity of the paths might suggest. 

In this connection certain observations of Pettit 
[5], the veteran American prominence observer, 
are of importance. Working with material from 
the McMath Hulbert Observatory and earlier 
data, he had arrived at a series of laws for the 
motion of prominence knots. He considered that 
the motions were at constant speeds for consider- 
able intervals, and that when a velocity change 
did occur it was instantaneous, the amount of the 
change being a simple multiple of the original 
speed of the knot. Doubt was cast on this ‘quasi- 
quantum’ set of laws by Hulme [6], who showed 
that, provided there was a prejudice in favour of 
this type of law, then a formula of this kind could 
be fitted to a perfectly smooth time/distance curve 
as modified by random observational error. 

The attention of Zanstra [7] was particularly 
caught by the appearance of the narrow streams. 
He conducted a number of hydrodynamical 
experiments in which he found that water flowing 
into a shallow dish, under a head of a few milli- 
metres, through a hole in the base assumed a flow 
pattern which broke up into a number of very 
narrow streams. He was able to show that under 
certain viscosity conditions this was a charac- 
teristic of flow against the pressure gradient, and 
he proposed a model in which prominence 
luminosity was to be accounted for by the collapse 
of a cloud of gas towards the solar surface (the 
potential energy being converted into excitation 
energy) and in which the flow, according to his 
theory, should break into narrow streams. 

An electromagnetic theory of certain promi- 
nence forms was proposed by Alfvén [8], but his 
explanation was not very inclusive and the forms 
explained were not the most striking of those 
observed. At a later date Bruce [9] proposed a 


somewhat general theory, in which a possible 
analogy between prominence forms and the 
phenomena of terrestrial lightning was drawn. 

The observed forms and motions of prominences 
pose immediately a number of problems. There 
is a superficial analogy with flames or with 
terrestrial clouds, but both of these are merely 
visible parts of a larger invisible atmosphere. In 
the solar case, have we to deal with isolated 
luminous masses, and in that case, how are they 
supported, or have we to deal with a much more 
extensive atmosphere, of which only part is lumi- 
nous? This too merely raises a host of new 
problems. On the observational side, the work of 
Thackeray [10] and of Briick and Moss [11] shows 
that hydrogen and helium are well mixed in promi- 
nences, while, on the theoretical side, ten Bruggen- 
cate [12] has advanced reasons for the belief that 
prominence support cannot be due to selective 
radiation pressure, a conclusion which seems to 
rule out all the obvious support mechanisms. 

It has recently been suggested by Evans [13] 
that many of these properties are explicable on the 
assumption that the observed motions are those of 
ions in a magnetic field. Ions are certainly present 
in prominences, and magnetic fields in the sun- 
spots with which they are associated. The thin 
streamers would then be the characteristic paths 
of different ions. 

Electromagnetic forces alone produce no change 
of speed, since they always act at right angles to 
the direction of motion, but if many ions are 
present these forces will be supplemented by those 
of electrostatic repulsion. Investigation of the 
dispersal of ion clouds under their internal electro- 
static repulsion shows that the measures of true 
‘three-dimensional’ motions of prominence knots 
made by McMath and his colleagues [14] can be 
fitted by velocity curves computed either for the 
general dispersion of ion clouds or for ions pro- 
jected through such dispersing clouds. It is found 
that a charge density of 10-11 to 10-12 elementary 
charges per ml is sufficient to produce agreement 
with observation. The work suggests a picture in 
which the observed prominence represents a series 
of regions of enhanced density or excitation in a 
somewhat more extensive tenuous ion cloud. 

As we have seen, traditional support mecha- 
nisms for prominences seem to be excluded. Some 
years ago Dyson and Woolley [15] drew attention 
to the possible importance of electrostatic effects 
in connection with chromospheric phenomena, 
and it seems possible that the mechanism of 
prominence support must be sought along these 
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lines. In stellar interiors, as Pannekoek [16] and 
Rosseland [17] showed, dissociated material is 
polarized by the tendency of the electrons to 
separate from the heavier ions by diffusion under 
gravity, but ideally this field should cease at the 
solar surface, where a layer of electrons should 
give a sun which is electrically neutral. However, 
there is an additional effect, namely the preferen- 
tial escape of electrons discussed by Milne [18], 
which should, as it were, cause an extension of this 
field up to the top of the cloud of escaped electrons, 
which may be tentatively identified with the 
corona. It is practically impossible at the present 
time to estimate this field intensity on theoretical 
grounds, but if it is of the same order as the 
internal Pannekoek-Rosseland field it should be 
of roughly the magnitude necessary for the com- 
plete support of hydrogen ions against gravity, or 
possibly even higher. Ions are produced most. 
copiously in the regions of abnormally high 
excitation associated with sunspots, and, assuming 
a field of the order mentioned, it is possible to 
compute the maximum diameter of a spherical 
aggregation of ions of the charge density deduced 
for prominences. This diameter is reached when 
the local field produced by the cloud balances the 
general field and prevents the further escape of 
ions. It turns out to be of the order of a few hun- 
dred thousand kilometres, i.e. roughly of the order 
of size of the largest prominences. It is also inter- 
esting that if a field of this order is assumed, then 
the highly stripped ions identified in the corona by 
Edlén [19] will also derive roughly complete 
support against gravity from it. Since the field, if 
it exists, will decrease with height as more coronal 
electrons are left below, we should expect that for 
ions of a given mass the height attained should 
increase with the charge. Eclipse observations by 
Allen [20] seem to suggest an effect of this kind. 

If the controlling magnetic field is assumed to 
be a dipole, a great variety of paths of charged 
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particles is possible, depending on the circum- 
stances of projection. One family, corresponding 
to projection in the median plane of the dipole, is 
such that motion always remains in this plane, and 
the family splits into two groups. One group con- 
sists of paths which extend spiralwise to infinity: 
the other consists of small, virtually closed paths. 
It is possible to identify the streamer forms ob- 
served in certain types of prominence with paths 
belonging to the first group, and in detailed 
analysis of two prominences it was found possible, 
ignoring possible foreshortening effects, to bring 
all the observed tracks into accord with the hypo- 
thesis of motion under the influence of a dipole 
located in the solar surface below the prominence. 
A minimum value for the dipole moment could be 
estimated, and, although possibly rather small, 
it was of the right order of magnitude for a sun- 
spot field. 

A peculiarity of the second group of orbits, 
which, as we have noted, are virtually closed, is 
that for given circumstances of projection, ions 
having more than a certain number of charges can 
be retained in orbits of this group, while those of 
lower charge pursue paths of the type of the first 
group and escape to infinity. The possibility 
therefore arises of the occurrence of very small 
prominences of abnormally high excitation. These 
have been identified with the tornado promi- 
nences already described, the controlling dipole 
now being supposed to be normal to the solar 
surface. A more detailed discussion also accounts 
for the inclined plume of gas above the vertical 
column which is often observed in tornado 
prominences. It is moreover possible in this case 
to estimate the moment of the postulated dipole, 
and results in general accord with the observed 
sunspot fields are found. Other types of possible 
orbit can be matched against other observed 
forms of prominence, but the possibilities of de- 
tailed analysis are more limited. 
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Grafting of animal tissues 
G. M. WYBURN and P. BACSICH 


The grafting of plants has been practised in agriculture for centuries and can sometimes be 
effected even between species of different genera. In animals, however, and especially in 
mammals, it is often difficult to graft tissue even from one part of the body to another part 
of the same animal. The practical importance of this method for repairing severe injuries, 
much more numerous in recent years through war and mechanization, has led to great 
attention being paid to the grafting of animal tissues and the conditions necessary for success. 


The grafting of plants is a well-known procedure. 
The operation consists in the union of scion (graft) 
with the stock (root system) of another plant, e.g. 
grafting a cultivated rose on to a briar, or a Cox’s 
orange pippin on to a crab-apple. The composite 
individual is a form of plant chimera. The 
principal, and possibly the only, way in which the 
stock affects the scion is directly through nutrition, 
and scion and stock preserve their morphological 
and physiological independence. The closer the 
systematic relationship of scion and graft, the more 
likely is successful union of their tissues. However, 
grafts between plants of different genera sometimes 
succeed, e.g. lilac on to privet or tomato on to 
potato. When the relationship is more distant 
than generic there is protoplasmic incompatibility, 
and graft union cannot be brought about. In 
these horticultural expedients the degree of dif- 
ferentiation and specialization of the plant tissues 
concerned does not seem to influence the result. 
With animal tissues, on the other hand, the 
more complex the organism the more improbable 
is a successful graft from one animal to another. 
In simpler organisms, such as Hydra, the graft can 
be of different species (heterograft), and animal 
chimeras are formed in which the graft and host 
retain the characteristics of their own species. 
Phylogenetic advance confers benefits but also 
imposes penalties, one of which is the inability of 
the tissues or organs to adapt themselves to a 
new environment and survive within the body 
of another individual. The complex anatomy of 
higher animals is the structural expression of a 
physiological division of labour. Groups of cells 
take on different functions and structurally adapt 
themselves to perform their allotted task. This 
differentiation, however, connotes a loss of plas- 
ticity, so that in mammals not only are hetero- 
grafts impossible, but a graft from one animal to 
another of the same species (homografts) does not 
survive (with one or two exceptions). The only 


consistently successful form of tissue transplanta- 
tion in mammals is the autograft, i.e. a graft of 
tissue from one region of an animal to another 
region of the same animal. The tissues are now 
not only species specific but individually specific. 
The corollary of specialization is specificity. 
This rigid specificity is a characteristic of the 
adult animal. In the embryo or larva the tissues 
for a time remain undetermined. Their fate has 
not yet been settled, and they are potentially 
capable of specializing in any one of several direc- 
tions. Embryonic plasticity extends to transplan- 
tation, and much knowledge has been gained about 
the processes of development by grafting experi- 
ments on embryos and larvae. The control centre 
of the embryo is the ‘organizer,’ which directs the 
pattern of events and determines the development 
of each part of the embryo. Ifthe organizer region 
of one embryo is transplanted into another em- 
bryo of approximately similar age, there is no 
coalition or co-operation with the host organizer. 
Both work independently, and effort is made to 
fashion two individuals from substance intended 
for one. Larval chimeras can be formed by graft- 
ing together different parts of different embryos, 
e.g. the anterior half of Rana palustris to the pos- 
terior half of Rana virescens (figure 1). This com- 
posite organism behaves physiologically as one unit 
and undergoes metamorphosis into an adult frog, 
but the two components retain some of their speci- 
fic characters, particularly as regards pigmentation. 
Other grafting experiments have shown that 
once a part of the embryo has been determined by 
the organizer, it will pursue its determined destiny 
even after transplantation into new surroundings. 
For example, a presumptive limb, i.e. the part of 
an embryo which has been determined to form 
a limb, if grafted elsewhere not only preserves 
its identity but differentiates in the appointed 
direction and forms a limb. The developmental 
forces inherent in the donor embryo have 
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FIGURE 1-— Embryonic chimera produced by grafting 
together anterior half of Rana palustris and posterior half 
of Rana virescens. (a) Shortly after operation. (b) Later 
stage. (Note differential growth of anterior component.) 
(c) Adult frog with pigmentation of Rana palustris in 
Sront and pigmentation of Rana virescens behind. (d) 
Normal Rana virescens. 

[Adapted from Wells (Huxley and Wells, The Science of Life, London, 1929).] 


stamped immutable individuation on the graft. 

Following the discovery that organs such as the 
thyroid, pituitary, and sex glands elaborated secre- 
tions or hormones with far-reaching effects on 
function and structure, efforts were made to treat 
conditions due to hormonal deficiencies by graft- 
ing the appropriate endocrine gland in the hope 
that it would survive and function actively. Indeed, 
the first scientific confirmation of a testicular hor- 
mone responsible for the external manifestations 
of ‘maleness’ was the result of the grafting experi- 
ments of Berthold in 1849. Berthold castrated six 
cockerels, but in some of them he replaced the 
testicle elsewhere. Those with the autograft gland 
developed into typical cocks with the usual physi- 
cal characteristics and behaviour. The others grew 
into typical capons—fat, docile, devoid of combs, 
wattles, spurs, and vocal exuberance. 

If an endocrine gland is not secreting sufficient 
of the necessary hormone, it is obviously unsuitable 
as an autograft, and therefore attempts have been 
made in mammals to transplant glands from 
another individual (homografts). Although from 
time to time there are reports of the successful 


- ‘taking’ of a homograft hormonal gland, it is 


generally agreed that the ultimate decease of the 
graft is inevitable. The homograft may acquire 
a blood-supply and survive and function for some 
weeks. The length of the survival period is in- 
fluenced by the genetic relationship of host and 


donor. In transplantation experiments with 
closely inbred strains of mice, the glandular homo- 
grafts may live for long periods, especially if the 
host is deficient in the hormone secreted by the 
graft, or if this particular gland had previously 
been removed from the animal. The needs of the 
host thus help to determine within limits the fate 
of the donor gland. Obviously, in dealing with 
human beings, even if there were any prospect of 
success, it is not practicable to remove a vitally 
necessary gland from one individual for implanta- 
tion into another. The now notorious ‘monkey- 
gland’ operation of Voronoff illustrates the result 
of grafting glands from one species of animal to 
another (heterograft). From 1912 to 1925 Voro- 
noff implanted monkey testes into human beings. 
Despite a temporary euphoria of doubtful origin, 
the elderly patients did not become rejuvenated. 
It can be stated categorically that grafting from 
one animal to another to replace functionally de- 
fective organs is a failure as far as mammals, and 
particularly man, are concerned. 

At present, grafting is confined to the repair 
and replacement of tissue defects and gaps. 
Thus skin graft replaces skin lost from injuries, 
such as burns. Bone grafts also are a common- 
place, and armed with bone and skin the plastic 
surgeon may reconstruct a finger or a nose. Both 
skin and bone are autografts taken from some 
other part of the patient. Blood-vessels and nerves 
grow into the graft, which becomes incorporated 
into the vascular and sensory pattern of the region. 
The graft, however, may retain, and sometimes 
rather embarrassingly evince, its individuality. 
For instance, skin grafts from a hairy region will 
grow hairs in a hairless recipient area, or the skin 
pigment (melanin) may become aggressive and 
darken the grafted skin. It would, of course, 
greatly extend the possibilities of grafting opera- 
tions if homografts could be used. Recently, in- 
tensive studies have been made of skin homografts 
in animals and man. It was found that many of 
the grafts ‘took,’ were vascularized, and ap- 
peared to settle down in their new surroundings. 
After a period of about three weeks, however, the 
grafts became necrotic and sloughed off. It is sug- 
gested that the homograft, like foreign protein, 
acts as an antigen and stimulates the formation 
of antibodies within the host, which now acquires 
an active immunity against the graft. The cells 
of the host then invade and destroy the graft. The 
severity and strength of the host attack are directly 
proportionate to the genetic difference between 
host and donor tissues. A heterograft excites a 
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High-power view of part of a cartilagi- 
meenous homograft from a guinea-pig. The cartilaginous 
part of the rib of an adult animal was inserted sub- 
putaneously in the host and removed twenty-one days 
after insertion for histological examination. There is 
gnly a moderate host reaction present, and the graft 
getained its normal histological characteristics. The 
partilaginous ground-substance gives the typical meta- 
fhromatic staining reaction after the application of 
pertain specific dyes. In fact, it can be compared favour- 
ably with normal cartilage. 


FIGURE 3 — High-power view (cross-section) of part 
of a nerve bundle from a normal human peripheral 


nerve. Connective tissue bands inside the nerve bundle 
divide the nerve fibres into gradually smaller and smaller 
sub-groups, and ultimately each individual nerve fibre 
is completely isolated from its neighbours by a connective- 


3°. tissue sheath. In the middle and the left-hand side of 
<a the picture the majority of the nerve fibres appear as 
% small circles with a small dot in the centre. These are 
the myelinated fibres, which are provided with a fatty 
"he <3 and a cellular sheath. These fibres carry the more 


highly differentiated impulses and consequently are better 
insulated. In the right-hand side of the picture the 


| Be : majority of nerve fibres appear as small dark dots or 
yority of nerve fibres app 
+ = % e owing to their more twisted course, as small spirals. 
OF These are non-myelinated nerve fibres and are provided 
ade with a cellular sheath only. They carry less highly 
4 Ng Ge differentiated impulses and consequently are less effictently 
ip 
sé. 


FIGURE 4 — High-power view (cross-section) of a 
meemall nerve bundle from a regenerating human nerve 
Meautograft. The grafting operation was carried out two 
Bears after the injury, by which time there was con- 
Biderable fibrosis present. Nevertheless the nerve fibres 
Praversed the whole length of the graft. Apart from the 
Main nerve bundle in the picture closely populated by 
segenerated nerve fibres, there are also present small 
meroups of aberrant nerve fibres. 

In nerve-regeneration all regenerating fibres are at 
Brst non-myelinated. Myelination and the return of 
Maunction occur later. As there were no signs of recovery 
may function nearly six months after the operation, the 
mearaft was removed for histological examination. None 
Wf the nerve fibres is myelinated, probably because of 
Me fibrosis. This case demonstrates the capacity of the 


meeniral stump for regeneration after a long interval of 
ime. 
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FIGURE 6 — Low-power view (cross-section) of a 
normal human peripheral nerve to demonstrate general 
histological features. Nerve fibres with their individual 
sheaths form small groups which are united into four 
larger and three smaller nerve bundles. Inside the nerve 
bundles, as well as among them, there is connective tissue 
which binds the whole complex structure into a large, 
well-knit cord. 


FIGURE 5 — Low-power view (cross-section) of @ 
human nerve homograft. The connective-tissue grounds 
substance appears to be reasonably normal, though somes 
what denser than usual. There are no regenerating 
nerve fibres and the bundles are filled with necrotic 
material. The nerve fibres grew down for only 12 mm 
into the proximal end of the graft. 


FIGURE 7 — Low-power view of a corneal homograft 
from a guinea-pig. In order to avoid mechanical injury 
to the cornea the whole anterior part of the eye, including 
some of the sclera, the iris, and part of the ciliary 
processes, was inserted subcutaneously in the host. When 
removed twenty-one days after insertion for histological 
examination, it could be dissected away from the host 
tissues without any serious difficulty. Owing to the 
pressure of surrounding tissues and because of the shrink 
age of the non-corneal elements of the graft, the cornea 
became turned inside out and converted into a small 
cyst. Apart from these changes, there is little alteration 
in the histological features of the graft. Its epithelial 
covering is retained, and the ground-substance gives 
the characteristic metachromatic staining after the 
application of certain specific dyes. 
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more violent and speedier host reaction. It is 
interesting to note that recent work suggests that 
plants also may form antibodies in response to 
antigenic stimulation. Some intergeneric plant 
grafts grow for four or five weeks, then the scion 
stops growing and dies. Attempts to grow new 
scions of the same species on the same stock all fail. 
Another interesting example of antibody forma- 
tion by serum is the production of nephrotoxic 
(‘Masugi’) nephritis. Extracts of rats’ kidneys are 
injected into ducks, and the serum from the treated 
ducks is later injected into other rats. These animals 
develop an inflammatory condition of the kidneys, 
caused by the antibodies formed in the duck serum. 

As the host reaction against the graft is due to 
formation of antibodies in the blood-serum, it was 
natural to test the fate of homografts where host 
and donor were of the same blood-group. The 
results were disappointing. This perhaps is not 
surprising, for blood-grouping has already ex- 
tended far beyond the four main groups, and it 
is possible that blood, in the future, will be shown 
to be as individually specific as finger-prints. 

When a nerve has been cut, the new nerve 
fibres grow out from the central end, but become 
lost unless they are guided to their destination 
along the peripheral end in which the nerve fibres 
have degenerated and disappeared. For func- 
tional recovery it is therefore necessary that the 
two ends should be reunited either directly or, if 
there is too large a gap, indirectly by means of a 
nerve graft. The nerve fibres of the graft have, 
of course, degenerated. They themselves are not 
required, but a bridge of living tissue is needed to 
allow the new nerve fibres from the central stump 
to cross to the peripheral end. The nerve graft 
forms tubes along which the new nerve fibres 
travel. Naturally, nerve autografts cannot be 
acquired with the same facility and impunity as 
skin and bone homografts. 

After the 1914-18 war, and again during the 
recent war, intensive research was carried out by 
all the combatant countries to find some method 
of treating nerve homografts so that they would 
survive and could be used to bridge large gaps in 
injured nerves. Again the results have been dis- 
appointing (figures 3-6), and in Britain the nerve 
homograft is at present regarded as a failure. This 
attitude, however, is not accepted in America or 
Russia. Indeed, in America ‘nerve banks’ have 
been established, but so far there are no reliable 
records of functional recovery after the use of 
nerve homografts in man, although an occasional 
promising result has been obtained in animals. 


The history of the mammalian homograft, ex- 
perimental and clinical, is very largely one of dis- 
appointment, but there are two exceptions: carti- 
lage and cornea (figures 2 and 7). Homografts of 
cartilage have been used successfully to build up 
the bridge of the nose. Examined three and a half 
years after the operation, the grafts had the nor- 
mal histological structure of living cartilage. 

The first record of the clinical use of corneal 
grafts (which must, of course, be homografts) is as 
far back as 1878. Where blindness is due to cor- 
neal opacities, sight can be restored by a trans- 
plant operation. Are there related qualities in 
cartilage and cornea which account for their 
ability to survive as homografts? All these tissues are 
avascular. The intercellular or ground substances 
of cartilage and cornea contain mucoproteins, the 
prosthetic groups of which are chemical isomers, 
and all give a characteristic metachromatic stain- 
ing with certain dyes. The nutrition of these avas- 
cular tissues is probably maintained by the break- 
down of the polysaccharide components of the 
mucoproteins by enzymatic action. Of greater 
significance is the fact that these mucoproteins are 
non-antigenic and inhibit the formation of anti- 
bodies. Recent experimental and clinical work has 
demonstrated the protective nature of the muco- 
proteins and their influence on host reaction to 
living foreign elements. There seems little doubt 
that they furnish the common denominator which 
endows cartilage and cornea with their unique 
ability to survive as homografts. These are, 
however, but isolated exceptions. 

Each individual appears to evolve a specific 
biochemical background within which the organs 
and tissues work together though preserving their 
own characteristics. The autograft is attuned to 
the biochemical system of the organism, and is 
therefore accepted as a transplant, but the homo- 
graft is an alien—it excites antagonism and is 
thereafter destroyed. Future research on the 
homograft will probably proceed in two direc- 
tions: (1) further investigation of methods of treat- 
ment of the homograft before implantation, with 
the object of making it non-antigenic or conferring 
protection against the host reaction, and (2) the 
serological approach to the problem. As the num- 
ber of known blood-groups steadily increases, it 
might seem that the prospects of successful homo- 
grafting would recede, but with a further know- 
ledge of serological reactions it may be possible 
to devise a form of negative vaccination which 
will prevent rather than promote ay for- 
mation. 
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Gravity surveys in submarines 
F. A. VENING MEINESZ 


Although the astronomical-geodetic method for determining the figure of the Earth is 
satisfactory on land it fails at sea. The use of the multiple-pendulum method devised by 


Professor Vening Meinesz enables gravity determinations to be made at sea, but it is 
necessary to mount the apparatus in a submarine in order to avoid the waves. The numerous 
surveys made by the author, and by others who adopted his method, have given us con- 


siderable knowledge of the Earth’s configuration at sea and of variations in its density there. 


Gravity observations on the surface of the Earth 
are made for two purposes, viz. for determining 
the figure of the Earth and for getting information 
about the distribution of densities in the Earth. 
The first possibility was recognized in broad out- 
line by Newton and Huygens in the seventeenth 
century, and since then the theory has been 
further developed. In the eighteenth century 
Clairaut derived a formula for the relation be- 
tween the flattening and the gravity of a spheroid 
of revolution, and in the middle of the last century 
Stokes in his theorem gave a complete solution for 
the detailed figure of the geoid expressed in the 
gravity anomalies on the Earth’s surface. 

We see that gravity determinations can thus 
provide us with another way of obtaining the 
figure of the Earth besides the method of measure- 
ments of arc or, more precisely, the astronomical- 
geodetical method which up to recently was the 
more usual way of pursuing this object. This led 
the geodetic services of many countries to take up 
gravity research, and in the last few decades the 
material has been quickly increasing; nowadays 
the number of stations where gravity has been 
determined far exceeds 10,000. 

The gravity method has one great advantage 
over the astronomical-geodetical one, viz. the 
possibility of finding the figure of the Earth also 
in ocean regions which, as is well known, constitute 
70 per cent. of the Earth’s surface; it is clear that 
the other method must fail there. The necessary 
condition is that gravity should be determinable 
at sea with a reasonable accuracy. So far, only 
one method has provided this accuracy: a special 
pendulum method which, by using more than one 
pendulum, allows us to eliminate the main part 
of the disturbance caused by the ship’s movements 
while the other smaller parts can be measured and 
computed. Elaborated by the writer of this 
paper in 1923, the method has since received a 
valuable: contribution from B. C. Browne of 
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Trinity College, Cambridge, who indicated two 
further small disturbance terms which, formerly 
neglected, have since been taken into account. 

In general the method is difficult to apply on 
board a surface vessel; the ship’s movements are 
usually too great. It is possible to obtain greater 
stability by making the observations in a sub- 
merged submarine which can dive below the dis- 
turbed surface layers of the water. At a depth of 
some 30 metres we find already a great reduction 
of the ship’s movements. A long swell is still per- 
ceptible at that depth, but the accelerations given 
by these slow waves are small enough to allow the 
above-mentioned method to be applied. In 
general, an accuracy of one part in two hundred 
thousand can thus be obtained, and this is suffi- 
cient for most purposes. Occasionally it is neces- 
sary to dive more deeply. 

In the course of time the second purpose for 
making gravity observations has more and more 
come into the foreground, viz. the investigation of 
densities in the Earth. For the geologists it 
started with detailed research by oil and mining 
companies for prospecting purposes in the upper 
few kilometres of the Earth’s crust. The principle 
is simple; it is clear that excesses and deficiencies 
of density below the observer must be revealed by 
corresponding deviations of the attraction, i.e. by 
positive and negative gravity anomalies at the 
surface. It is not possible to derive exactly the 
location of the density-deviations from the surface 
anomalies, but in many cases a satisfactory esti- 
mate can be made. 

At the same time, some of the geodesists engaged 
in gravity research for geodetic purposes on a 
larger scale studied the significance of the fields 
of anomalies they found. Gradually, an interpre- 
tation of these anomalies as due to larger mass- 
deviations, mostly at greater depth than the 
above-mentioned, was suggested. The principle 
of isostasy, discovered in the middle of the 
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nineteenth century through astronomical observa- 
tions in India, was investigated by many geodesists 
in the light of the gravity results. This principle 
supposes the compensation of topographic masses 
by masses of opposite sign at greater depth, i.e. 
deficiencies of mass below a mountain-range, and 
mass-excesses below a lack of mass at the surface. 
Nowadays the explanation of this phenomenon 
suggested in 1855 by Airy (then Astronomer 
Royal) is widely accepted; he ascribed it to hydro- 
static equilibrium of the crust on the plastic 
substratum. More recent studies by Hayford, 
Bowie, Heiskanen, and many others have given us 
further insight into this phenomenon; it now 
seems probable that the thickness of the rigid 
crust is in most areas of the order of 30 km. In 
some cases the equilibrium of the crust is more 
or less locally realized, but in general this is not 
so; the crust then reacts more or less as a whole to 
the tendency towards floating equilibrium. 

Besides the isostatic compensation-masses, 
gravity reveals the existence of other mass- 
deviations from the regular distribution. In some 
cases it even seems probable that these deviations 
from the normal density occur not in the crust but 
in the deeper plastic layers, and this might well 
point to currents flowing there, because the 
presence of these masses implies deviations from 
the normal equilibrium. It is hardly necessary to 
stress the importance of such conclusions. If sub- 
crustal currents do indeed occur in the Earth, we 
may arrive at an explanation of the forces bringing 
about the lateral compression of the crust leading 
to folded mountain ranges, which up to now have 
not been satisfactorily explained in any other way. 
The high viscosity of these subcrustal layers must 
bring about a powerful drag exerted by the 
currents on the crust. Perhaps we may thus also 
explain the intermediate and deep earthquake- 
foci which occur at depths of 100-700 km, i.e. 
far below the rigid crust; it is not unlikely that the 
currents reach down to these depths. 

In the last quarter of a century the two groups 
of gravity investigators, the geodesists and the 
geologists, have gradually met on the common 
ground of geophysics, and the interests as well as 
the surveys have merged into a whole, opening a 
hopeful vista for future research. In geodesy the 
opinion is gradually forming that by organizing 
the gravity surveys in such a way that light is shed 
on the great geophysical problems of crustal 
phenomena and possible subcrustal currents, 
more insight will be obtained into the distribution 
in general of gravity anomalies over the Earth’s 
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surface, and that thus the main problem of 
geodesy, the determination of the figure of the 
Earth, will be brought nearer to solution. 

It is clear after this short introduction on 
gravity observations that, in the new orientation 
of this work, research at sea must be of primary 
importance. Many of the main problems about 
the Earth’s crust lie in the oceans. As two of the 
most important ones we may mention the problem 
of the character and origin of oceans in relation 
to those of continents, and in the second place the 
research on island-arc areas which play such a 
predominant part in the great tectonic evolutions 
of the Earth’s crust. 

Since the writer started his research at sea in 
1923 he has had many opportunities of doing 
extensive work; he has made ten expeditions with 
submarines of the Netherlands Navy and two with 
U.S. submarines, covering together more than 
130,000 sea-miles and making about goo dives. 

The first and third voyages in 1923 and 1926-7 
were mainly aimed at the geodetic problems. 
On the first trip, the Dutch submarine Hr.Ms.K.2 
went via Suez towards Java, and on the third, 
Hr.Ms.K.13 went via Panama towards the same 
destination; together they encircled the globe. 
The principal purpose of the two expeditions was 
to get data about the hypothesis, often defended 
by geodesists, that the figure of the Earth is ap- 
proximately a three-axial ellipsoid or, in other 
words, that the equator too shows a slight flatten- 
ing. The results did not support this hypothesis 
Although it was found that gravity shows wide- 
spread fields of anomalies, their distribution does 
not agree with a regular flattening in the equator- 
plane. They seem rather to be connected with 
extensive processes in the upper thousand kilo- 
metres of the Earth, perhaps in even a much 
shallower layer. For a more decisive answer to 
this question, however, additional encircling series 
of observations at other latitudes will be required. 

The opportunities of obtaining data have 
already been used for various geographical 
problems. Observations were, for example, made 
near volcanic islands, as Fayal (Azores), the 
Canary Islands, and Oahu (Hawaii Archipelago); 
over deep troughs such as the Brownson Trough 
north of Porto Rico, the Guam Trough, the Yap 
Trough, and the Mindanao Trough; in profiles 
at right angles to coasts, e.g. four profiles on the 
west coast of America between Panama and San 
Francisco; and in profiles over island-arcs in the 
West and East Indies. After arrival in Java a 
special research was made of the Java Trough, to 
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the south of this island, which was crossed in four island-arc areas in order to get a deeper insight 
detailed profiles. into the phenomena of the Earth’s crust there. In 


The cruise of Hr.Ms.K.13 via Panama to Java 
took us about seven months, and we had un- 
interrupted crossings of three weeks. This meant 
a great strain for everybody on board, especially 
owing to the great number of dives required for 
the gravity research. Each dive took us about an 
hour. When at a certain depth stability had been 
re-established, the pendulum-apparatus was un- 
clamped, the recording camera was put in order, 
and the pendulums were started. Thermometer, 
barometer, and hygrometer readings completed 
the observations. After 30-40 minutes the obser- 
vation was finished and the pendulums were 
stopped and clamped. The normal emptying of 
the tanks then brought the ship again to the sur- 
face and the trip was resumed. 

To obtain the necessary accuracy, the rate of 
the time-recorders on board had to be determined 
with an accuracy of 0°02 second per day, so as 
many accurate radio time-signals as possible 
were taken. As long as chronometers were used 
this accuracy was hard to obtain, but for the last 
expeditions crystal-controlled clocks were taken, 
- and afforded a great improvement. 

For two reasons it was important to make as 
many soundings as possible during the trips. In 
the first place we need the submarine topography 
in order to be able to derive its gravity effect and 
so to correct the result for it. Secondly, the topo- 
graphy in itself may give important geophysical 
indications which may be of help for interpreting 
the gravity anomalies. During the first voyages 
echo-sounding was possible only during submer- 
sion, but for the later trips steps were taken to 
obtain a continuous depth-profile over the whole 
route. 

For gravity research more stress has to be laid 
on accurately determining positions of the ship 
than in normal navigation. They are also re- 
quired for deriving the east-west component of 
the current which, as Eétvés noted at the begin- 
ning of this century, is needed for correcting the 
gravity result. The point is that gravity is a 
combination of the attraction by the masses of the 
Earth and a smaller effect due to the Earth’s 
rotation; this last effect is disturbed by an east- 
west speed of the ship which increases or dimi- 
nishes the speed at which the observer rotates 
around the Earth’s axis. 

The results obtained in the East Indies had 
shown remarkable gravity anomalies, and it 
seemed promising to pursue the research in these 


1928 the U.S. Navy, through the medium of the 
Carnegie Institution of Washington, generously 
offered a submarine trip to the West Indies and 
this expedition gave important further informa- 
tion. The writer was accompanied on this voyage 
by Dr Fred E. Wright and Mr Elmer B. Collins. 
It was found that the large deficiency of gravity 
over the Brownson Trough continues in a belt to 
the west, i.e. north of Haiti, where no trough is 
present. 

In 1929 and 1930 the author was enabled by 
the Netherlands Navy to make three extensive 
cruises through the Indonesian Archipelago, and 
the new data, with those previously gained, gave 
him a network of more than 300 gravity values 
covering the whole archipelago. It shows remark- 
able features. The most outstanding is a narrow 
belt of large deficiency of gravity running through 
the whole archipelago and obviously coinciding 
with the belt of strongest recent tectonic activity 
formed by the outer island-arc. Although this 
belt is clearly connected with the deep troughs in 
the area it does not coincide with them; its axis is 
in general just beside the troughs. The belt, more- 
over, continues in the areas devoid of troughs. 

This result was in good agreement with what 
was found near Haiti, and there was thus every 
reason to suspect a similar feature over the whole 
island-arc area of the West Indies. Further in- 
formation about the West Indies was given by 
two more gravity expeditions of the U.S. Navy in 
this area, one on board the U.S. submarine S 48 
in 1932 which the writer had the privilege to make 
in company with Dr Harry Hess of Princeton and 
Mr T. T. Brown—it was organized by Professor 
Richard Field of the same University—and one 
on board the U.S. submarine Barracuda in 1936, 
led by Dr Maurice Ewing, Dr Harry Hess, and 
Lieut. Hoskinson of the C. & G.S., during which 
Ewing first introduced the improvement of a 
crystal-controlled timekeeper instead of a chrono- 
meter. The latter voyage especially showed our 
surmise to be well founded. Here too an outer- 
arc is present, though partly submerged, over the 
islands of Barbados, Tobago, and Trinidad, which 
also reveals a belt of strong negative anomalies; 
the part found north of Haiti and Porto Rico 
belongs to it. 

We cannot here discuss fully the meaning of 
these remarkable belts of strong negative gravity 
anomalies, which have also been found near 
Japan and the Bonin Islands and near Calabria, 
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but a short mention 
may be made of an 
interpretation which at 
present seems most 
likely. It appears prob- 
able that the great la- 
teral compression of the 
crust in these belts, 
which is indicated by 
the folding and over- 
thrusting of the surface- 
layers found on the 
islands in the belts, 
causes as its main effect 
a downward buckling 
of the crust. The large 
crustal bulge thus 
formed at the lower 
boundary of the crust 
replaces the denser 
substratum and causes 
the great mass-defi- 
ciency which brings 
about the negative 
gravity anomalies. This 
hypothesis explains also 
that the first stage of 
the tectonic belts is the 
development of a geo- 
syncline which can be 
interpreted as the 
downward crustal wave 
leading at a later stage 
to the down-bulging 
mentioned. The surface- 
layers of the crust are 
partially squeezed out 
during the latter process 
and form the folded 
layers found by the 
geologists in these belts. 

Besides the expeditions already mentioned in 
this paper the writer made the following trips: an 
expedition in 1932 on board Hr.Ms.O.13 in the 
North Atlantic to investigate the area around the 
Azores and Madeira and between those islands 
and the coast of Europe; an expedition of eight 
months in 1934-5 on board Hr.Ms.K.18 via 
Buenos Aires, Cape Town, and West Australia to 
Java; an expedition in 1937 on board Hr.Ms.O.16 
to Washington and back again; and a return 
voyage on board Hr.Ms.O.13 from Curacao 
(West Indies) to Holland. The French Navy 
made two gravity expeditions in the western 


Complete pendulum apparatus for submarine gravity deter- 
mination, showing the recording camera on top. The whole 
is mounted in gimbals. 


Mediterranean led by 
Commander Marti of 
the Hydrographic Sur- 
vey, viz. in 1933 with 
the submarine Fresnel 
and in 1936 with the 
submarine Espoir, and 
the Italian Navy twice 
put a submarine at the 
disposition of Professor 
Cassinis for research in 
the Mediterranean 
areas. Observations 
were also made on 
board Japanese sub- 
marines in the neigh- 
bourhood of Japan, and 
in U.S.S.R. submarines 
in the Black Sea and 
elsewhere. The British 
Navy took an active 
part in gravity research 
by organizing a sub- 
marine expedition in 
the Atlantic in 1939 led 
by E. C. Bullard and 
B. C. Browne, which, 
however, was called 
back shortly after the 
start because of the 
political tension, but a 
new expedition took 
place under the leader- 
ship of Browne, Nieu- 
— wenkamp, and Cooper 
in the summer of 1946; 
: it investigated the 
waters to the south-west 
and west of England. A 
further expedition was 
madein 1948 by Browne. 

During these different expeditions a great 
number of gravity values have been obtained, and 
many data have been found near the continental 
margins which shed light on the problem men- 
tioned above of the relationship of continents and 
oceans. In general, they have confirmed the 
results obtained by seismology, which point to 
the continents being blocks of lighter matter 
floating on the deeper layers, and this floating 
lighter layer being much thinner beneath the 
oceans. Gravity measurements indicate nearly 
everywhere a sudden thinning of these layers 
near the continental border. 
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SULPHONAMIDE DRUGS 


The Sulfonamides and Allied Com- 
pounds, by Elmore H. Northey. Pp. 
xxvii + 660. Reinhold Publishing Corpora- 
tion, New York. 1948. 755. net. 

Since the discovery of the chemo- 
therapeutic action of sulphonamide 
drugs in 1932 over 5,000 compounds of 
the type have been synthesized and 
examined both pharmacologically and 
for chemotherapeutic activity. Since 
much of this work has been unpublished 
or is not easily available, chemists and 
biologists alike will welcome this 
extremely valuable attempt by the 
Administrative Director of the Stamford 
Research Laboratories, American Cy- 
anamid- Company, to assemble and 
co-ordinate both published data and 
those supplied directly by his own and 
other American firms. The system 
of nomenclature developed by the 
author and his associates enables him 
to group the compounds in a logical 
fashion, so that both text and reference 
tables are easily consulted even by those 
not primarily chemists. Methods of 
synthesis and chemical and biological 
properties are given for the more 
important members of each group, 
together with available references, and 


the monograph is a standard reference | 


book for all working in this field. 

The final chapters, which contain 
contributions by two biologists of the 
staff of the American Cyanamid Com- 
pany, cover such topics as the pharma- 
cology, mode of action, and clinical 
evaluation of sulphonamides, and form 
an adequate and critical survey of 
present knowledge. Dr Northey is to be 
congratulated on having brought to- 
gether into a coherent and readable 
form so many diverse studies, and his 
monograph should not only stimulate 
_ interest in the wider and more intelli- 
gent use of existing drugs, but should 
be of material assistance in the develop- 
ment of other and equally important 
chemotherapeutic agents. 

E. DUTHIE 


PRINCIPLES OF RADAR 
Principles of Radar, by Denis Taylor and 
C. H. Westcott. Pp. 137. University 
Press, Cambridge. 1948. 12s. 6d. net. 

The importance of radar in the recent 
war is now widely known; its uses in 
peacetime are becoming rapidly more 
numerous. In the circumstances, the 
publication of this excellent short 
introduction to the basic principles 


underlying the design of complete radar 
systems is very welcome. Further books 
in the same series, which is edited by 
Mr J. A. Ratcliffe, will deal in detail 
with the many new techniques involved. 
The authors of this book write from 
first-hand experience, having been 
directly responsible for the develop- 
ment of many radar systems for the 
Royal Air Force during the war. 

They consider first the generation 
and detection of the radio signals by 
which targets are located, then the 
physical conditions governing the 
strength of echo returned, the measure- 
ment of range and bearing, and finally 
the design of typical radar systems for 
particular purposes. 

The style is clear and readable, and 
the presentation should appeal to 
physicists, and to engineers with some 
knowledge of physics. An elementary 
acquaintance with normal radio prac- 
tice is assumed. In some places the 
discussion is not very detailed, and 
although this generally represents a 
gain in clarity, more references to 
further sources of information would 
have been useful. Nevertheless the 
book contains much more than its 
size might suggest, and for the topics 
discussed will undoubtedly be pre- 
ferred to many larger works. 

J. M. M. PINKERTON 


CONCEPTIONS OF PHYSICAL 
PHENOMENA 


L’évolution de la Notion du Phéno- 
méne Physique des Primitifs 4 Bohr 
et Louis de Broglie: Legons sur l’histoire 
de la pensée scientifique professées 
a VUniversité de Bruxelles, by Jean 
Pelseneer. Pp. 177. Office internationale de 
Librairie and Office des Cours du Cercle des 
Sciences, Brussels. 1947. n. p. 


This little book is an attempt to 
provide the student with a summary of 
the conceptions of the physical basis of 
the universe by tracing them from 
primitive thought to their most modern 
presentations. Dr Pelseneer is specially 
concerned with the continuous process 
by which observational activity has 
modified cosmological beliefs, the 
changes in which have, in their turn, 
transformed metaphysical conceptions. 
An interesting parallel is drawn by 
him between the impact of Newtonian 
on Cartesian physics in the seventeenth 
century, and that of the ‘new’ physics 
on the classical system in the twentieth. 
He makes a good case for the view that 


174 


‘scientific controversies of every period 
arise far more from differences of 
temperament than from knowledge or 
ignorance of facts.’ A glimpse is given 
of successive theoretical concepts— 
mechanist, energy, irreversibility, en- 
tropy, atom, wave, and quantum 
theory, and the latest hypotheses as to 
the relation of statistical truth to the 
principle of indeterminism. After his 
final quotations from Bohr, Jeans, 
and de Broglie on these themes, Dr 
Pelseneer asks ‘May not the quantum 
theory, together with the fall of 
mechanist theory which it has seemed 
to consecrate, nevertheless present us 
with another crisis in physics such as 
was produced by the doctrine of 
energy ?” 

Dr Pelseneer’s student-readers cannot 
fail to become aware of the extreme 
complexity of the problems involved, 
and may thus be protected against catch- 
words based on facile generalizations 
and gain some hint of the supreme joy 
of scientific exploration in spite of, or 
perhaps because of, the lack of finality 
that is inherent in scientific achieve- 
ment. CHARLES SINGER 


CHEMICAL DICTIONARY 
Dizionario di Chimica, Vol. I (A-C), by 
Michele Giua. Pp. 1073 with 28 plates 
and 451 figures. Unione Tipografico— 
Editrice Torinese, Turin. Second Edition, 
revised and enlarged. 1948. 7,000 lire. 


The second edition of Professor 
Giua’s great dictionary brings both the 
subject matter and the bibliography 
up to 1942 and, in some cases, to 1946, 
and several sections, particularly among 
those dealing with biochemistry, have 
been completely rewritten. The work 
is intended for general use, and deals 
with theoretical, practical, and indus- 
trial aspects. A_ historical sketch 
introduces each of the more important 
substances; physical and chemical 
properties are stated, and methods of 
preparation, on both laboratory and 
industrial scales, are described. Short 
biographies of the world’s great chemists 
are given. 

Alphabetical arrangement of com- 
plex and interrelated concepts presents 
the difficult problem of choosing those 
that should rank as main entries and 
those that are best treated as sub- 
sidiary under some main heading. The 
solution here adopted should meet the 
requirements of the general reader. To 
take an example, general properties of 
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acids, acidity, dissociation, are found 
under Acidi, with subdivisions inor- 
ganic and organic, the latter com- 
prising carboxylic acids only. The 
inorganic acids are separately treated 
under Acido cloridrico, Acido solforico, 
etc. Special classes of non-carboxylic 
organic acids are entered separately, 
as Amino-acidi, Acidi acetilencarbonici, 
etc. Separate entries are found for the 
numerous organic acids outside the 
above classes, and these entries com- 
prise the salts and derivatives of the 
acids. A clear definition is given for 
each group, and cross-references guide 
the careful reader. The whole section 
on acids, which fills over a quarter of 
the volume, is a measure of the 
untiring labour and profound know- 
ledge behind this impressive volume. 
The completion of the work in the 
tragic circumstances of the years 1943-6 
bears witness to the burning faith and 
the indomitable optimism to which 
Professor Giua gives such touching 
expression in his preface. 


PLASTIC DESIGNING 


Applied Plastic Product Design, by 
Robert L. Davis and Ronald D. Beck. 
Pp. vii + 285 with many illustrations. 
Chapman and Hall Limited, London. 1947. 
28s. net. 


In this book the authors survey the 
considerations of design governing the 
use of plastics as materials in their own 
right and not as mere substitutes for 
wood, metal, glass, etc. The work is 
mainly intended for young newcomers 
to the plastics industry, and for busy 
specialists in other fields who wish to 
learn something of the possibilities and 
limitations of the use of plastics. After 
a worthless and inaccurate introductory 
chapter on the history, development, 
properties, types, and methods of 
manufacture of plastics, which merely 
irritates the reader, successive chapters 
deal with the design of moulds and 
moulded components, together with 
problems arising from the moulding 
of undercuts, threads, inserts, etc. The 
design of extrusion parts, of high and 
low pressure laminated parts, and of 
parts fabricated from sheets, rods, and 
tubes is then considered, and the book 
ends with remarks on the economics of 
moulding and the general properties 
of moulded plastics. A glossary of 
technical terms, again marred by 
inaccuracies, is included. 

In spite of its faults, the book should 
give many useful hints to the young 
man intending to enter the plastics 


industry. The experienced designer, 
or the busy specialist in other fields, will 
gain little from it. J. M. WALTER 


HISTORY OF CHEMISTRY 
Chymia—Annual Studies in the His- 
tory of Chemistry. Tenney L. Davis, 
editor-in-chief. Volume 1. Pp. xiv + 190, 
with 20 plates. University of Pennsylvania 
Press, Philadelphia. 1948. $3:50 net. 

All those interested in the history of 
science in general, and of chemistry in 
particular, will welcome the appearance 
of the first volume of this series which 
is being issued under the aegis of the 
Edgar F. Smith Memorial Collection. 
The editorial board consists of the 
leading American scholars in the field 
and the consulting editors represent 
the foremost experts from other coun- 
tries. These facts should guarantee the 
quality of the articles, and the first 
volume sets a high level of interest and 
scholarship as well as presenting a 
remarkable and praiseworthy catho- 
licity of subject matter. The subjects 
dealt with in the present volume are: 
Frederick Accum (1769-1838); Dr 
C. A. Browne (0b. 1947); The Argu- 
ment of Morien and Merlin (an early 
English alchemical poem); Thomas 
Thomson (1773-1852); L’Ecole des 
Chimistes Frangais vers 1840; Factors 
which led Mendeleev to the Periodic 
Law; The early use of potassium 
chlorate in pyrotechny; The early 
chemical and pharmaceutical history 
of calomel; The concepts of substance 
and chemical element; Priestley settles 
the water controversy; Scottish al- 
chemy in the 17th century; Carl 
Weltzein and the congress at Karls- 
ruhe; and Pierre Dulong’s life and 
work (1785-1838). The book is 
pleasantly printed on good quality 
paper, and the only slight criticism 
that could be made refers to the plates, 
which are not reproduced quite as 
clearly as might be wished. 

DENIS DUVEEN 


ATOMS AND NUCLEI 
The Atom and its Energy, by E. N. daC. 
Andrade. Pp. xi + 196, with 12 plates and 
17 diagrams. G. Bell and Sons Limited, 
London. 1947. 10s. net. 

Many popular-sciencewriters tend to 
assume that the layman has necessarily 
the mentality of a schoolboy and must 
be addressed in words of one syllable. 
Professor Andrade evidently writes for 
the numerous class of readers who are 
quite literate and not intimidated by 
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long words though unfamiliar with the 
elements of science. As expected of any 
book by Andrade, who uses words like 
scientific instruments and who knows 
the great writings of the past as inti- 
mately as he knows atoms, this volume 
makes attractive reading. Of eight 
chapters, only the last one deals with 
atomic energy, the others tell the story 
of the atom in the scientist’s, not the 
newspaper, sense. The presentation is 
mostly descriptive, using only a few 
diagrams; this again is probably as it 
should be for the mature reader who 
has little scientific training. Technical 
detail must, of course, be omitted, but 
the essence of the subject is always 
there, and the grounds on which the 
reader is to accept a statement are (with 
simplification) those which convince 
the expert. 

Frequent analogies help, though one 
or two (such as the comparison of posi- 
tive and negative electrons with good 
and evil on page 44) are not too happily 
chosen. I suspect they are not really 
meant to help but belong to those little 
asides characteristic of Andrade such 
as the remark about hydrogen peroxide 
‘by which blondes are manufactured.’ 
While the book does not scorn long 
words, it does take trouble with tech- 
nical terms; the warning given with the 
terms ‘proton’ and ‘photon’, that each 
must not be confused with the other, 
is a wise precaution. I doubt, however, 
if quicksilver is really more familiar to 
anybody than mercury—here Andrade’s 
love for the classics shows up. 

Each chapter is headed by singularly 
apt quotations from great physicists or 
others. Another nice touch is a photo- 
graph of a painting by Lucas van 
Leyden remarkably similar to an atom- 
bomb raid. For a book written for the 
classically educated layman, an un- 
educated scientist is hardly a typical 
reader; yet this reviewer greatly enjoyed 
it and believes that it will appeal to the 
readers for whom it is meant. 

R. E. PEIERLS 


CLOCKS AND WATCHES 
Horology, by 7. Eric Haswell. Pp. xvi + 
288 with 111 figures. Chapman and Hall, 
London. 1947. 16s. net. 

The sub-title of this book is ‘The 
Science of Time Measurement and the 
Construction of Clocks, Watches, and 
Chronometers.’ On the practical con- 
structional side the book can be 
highly commended; the diagrams of 
escapements and other mechanisms 
are excellent and of particular value to 
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the practical watchmaker. The section 
on time measurement, on the other 
hand, is poor and inadequate. The 
work was first published in 1928, when 
the Shortt free-pendulum clock, which 
set a new standard of accuracy, was in 
its infancy. It was reprinted in 1937, 
with a supplement which amplified 
certain sections and corrected various 
erroneous statements. The present 
edition is merely a reprint of the 1937 
edition, with its supplement. It is 
regrettable that the opportunity was 
not taken of bringing the work up to 
date, for there have been some notable 
advances in horology in the last two 
decades. 

The Shortt free-pendulum clock is 
inadequately described in the chapter 
on pendulums, and the essential point 
that the slave clock must be adjusted to 
have a natural losing rate of about six 
seconds a day is not mentioned; the 
principle of the ‘hit and miss’ syn- 
chronizer is consequently not explained. 
Though there is a chapter on elcctrical 
clocks, no mention is made of syn- 
chronous clocks. Nor is there any 
reference to the quartz crystal clock, 
which has set the highest standard of 
accuracy in horology, and which is 
capable of detecting changes in the 
rate of rotation of the earth. It is 
unsatisfactory still to find the statement 
(on p. 1) that ‘the earth itself is a 
perfect clock.’ 

The book has therefore distinct 
limitations. Within these limitations, 
and more particularly in the descrip- 
tions of clock, watch and chronometer 
movements, and of striking, chiming, 
calendar, and repeating mechanisms, 
it is of great value. Should a further 
edition be required, it is to be hoped 
that the author will thoroughly revise 
the book and bring it up to date, so 
that it will give a more satisfactory 
picture of modern horology. It will 
then be possible also to include an 
account of the recently invented 
magnetic escapement, which is pro- 
bably the most important development 
in pendulum clocks for domestic use 
since the invention of the dead-beat 
escapement. H. SPENCER JONES 


ELECTROCHEMISTRY 
An Introduction to Electrochemistry, 
by S. Glasstone. Pp. vi + 557. Van 
Nostrand Co., New York. 1942, reprinted 
1946. 31s. 6d. 

In this work the author has endea- 


voured to provide a concise survey of 
the existing knowledge of electro- 
chemistry including its theories and 
concepts. He has been ruthless in 
excluding the older material and 
theories and has aimed at giving the 
reader ‘the modern point of view in 
electrochemistry.’ No attempt has been 
made to trace the development of the 
modern interpretations, and in this 
respect the student has been deprived 
of a most valuable aspect of the subject, 
for he can gain no clue from the text 
as to why certain theories, still held by 
many living electrochemists, should be 
superseded. The treatment is too rigid 
and assumes that a substantial degree 
of finality has been reached, despite 
the fact that electrochemistry is a 
subject undergoing rapid development. 
Very often the experimental descrip- 
tions are too cursory and important 
points are omitted. Thus in the 
description of the moving boundary 
method of measuring the transport 
numbers of ions there is no indication 
of how the ‘moving boundary’ in a 
colourless solution can be detected. 

The aim of the book is ‘to serve as 
an introductory text for those who 
intend to specialize in electrochemistry’ 
and it claims to be suited to the needs of 
students of physical chemistry and to 
those of chemists, physicists, and 
physiologists whose work brings them 
in contact with a variety of electro- 
chemical problems.’ Although the 
present volume is much longer than 
Professor Glasstone’s first book The 
Electrochemistry of Solutions, he regards 
that work as being ‘primarily a work of 
reference.’ In the opinion of the re- 
viewer the first book meets the needs of 
chemists and non-chemists much more 
satisfactorily than does the new volume. 
The chief reason for this is that, unless 
the student is well versed in modern 
thermodynamics, particularly in regard 
to the concepts of chemical potential 
and activity, much of the text of the 
new volume must inevitably remain 
obscure. 

Provided that a student is not lacking 
in thermodynamics and is prepared to 
accept the author’s views on what 
constitutes modern physical chemistry 
and to tolerate the rather didactic 
treatment, he might find the book of 
assistance. To the reviewer it appears 
that Professor Glasstone’s treatment 
of electrochemistry in his Text Book of 
Physical Chemistry is not only adequate 
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but much more intelligible to a student 
requiring an introductory treatise. 
H. T. 8. BRITTON 


ORGANIC SYNTHESES 


Organic Syntheses (Volume 27), edited 
by R. L. Shriner. Pp. 121. John Wiley 
and Sons, Inc., New York. 1947. 135. 6d. 
net. 


This volume maintains the high 
tradition of those which have preceded 
it, and the series has rightly earned for 
itself an honoured place amongst 
standard reference books in all chemi- 
cal laboratories and libraries. The 
fully detailed descriptions of the 
preparative methods have in all cases 
been thoroughly checked, and make 
these volumes of great value to the non- 
organic chemist who often finds 
difficulty in repeating preparations 
described briefly in original papers in 
the scientific journals. The fact that 
the method is detailed in Organic 
Syntheses is a guarantee that the 
compound is really available in the 
yield stated, and the preparation may 
confidently be left in the hands of any 
competent laboratory worker. 

Among the thirty-seven preparations 
described in the volume under review 
are the following which are likely to 
be of general interest: B-alanine, from 
acrylonitrile via B-aminopropionitrile; 
benzalacetone dibromide; bially]; tert.- 
butylamine from 2-amino-2-methyl-1- 
propanol; decamethylenediamine by 
reduction of octamethylene dicyanide; 
N-diethylaminoacetonitrile; dihydrore- 
sorcinol by reduction of resorcinol; 
ethyl a-isopropylacetoacetate; 4-ethyl- 
pyridine from pyridine and acetic 
anhydride via 1 ; 4-diacetyl-1 : 4-di- 
hydropyridine; glycolonitrile; 8-hy- 
droxyvaleraldehyde from 2 : 3-dihy- 
dropyran; 6-methoxy-8-nitroquinoline 
from 3-nitro-4-aminoanisole; af-di- 
bromo-f-formylacrylic acid from furoic 
acid; m-nitrodimethylaniline; 3-penten- 
2-ol; rhodanine; stearolic acid; tetra- 
iodophthalic anhydride by iodination 
of phthalic anhydride in presence of 
fuming sulphuric acid; m-thiocresol; 
o-toluic acid from o-xylene by oxidation 
with nitric acid; p-toluic acid by 
oxidation of p-cymene; o0-toluidine- 
sulphonic acid; and 1 : 3 : 5-triacetyl- 
benzene from acetone via acetoacetalde- 
hyde. 

The subject index covers the contents 
of volumes 20-27. WwW. BAKER 
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DAVID S. EVANS, 


Ph.D., F.inst.P., 
Was born in 1916 and was educated at 
Car High School Boys and 
Ki College, Cambridge. After 


gra on he undertook research at 
idge on the Stark effect im the 


cen lines of the spectra of double 
In 1938 he joined the staff of 


the niversity Observatory, “Oxford. 
D the war he was engaged in 
re problems relating 
te icine. He has always had a keen 
int popular scientific writing 
an : formerly on the editorial board 
of The Obseroatory and advisory editor 
of His book Frontiers of Astro- 
non viewed in our January 1947 
iss He has recently taken up an 
ar ‘as Second Assistant at the 
Radcliffe Observatory, Preterm: 


WYBURN, 

VMB., 
Bc | Glasgow in 1909, and. edu- 
cated at Glasgow High Sehoe) and 


Glasgow University. Joined staff of 
Anatomy Department, Glasgow Uni- 
versity, under Professor Bryce in 1930, 
and became senior lecturer in 1937. 
Recently appointed Regius Professor 
of Anatomy in Glasgow University. 
Published -work on  embryological 
problems and reproductive endocrin- 
ology. During the war was engaged on 
work concerned with the problems of 
nerve grafting, particularly in connec- 
tion with peripheral nerve injuries. 


P. BACSICH, 
M.D., D.S¢., F.RS.E. 

Born in Szeged (Hungary) in 1905, 
and is now a naturalized British sub- 
ject. Was educated in Hungary at 
Szeged University. In 1934 obtained a 
Rockefeller Fellowship and did post- 
graduate research work in London in 
the Anatomy Departments of King’s 
College and University College. In 1936 
was appointed lecturer in Anatomy 
at Birmingham University and in 1937 
became senior lecturer in Histology 
and Embryology at Glasgow Univer- 
sity. Has published work on histolo- 
gical methods, neurology, embryology, 
and endocrinological aspects of repro- 
ductive physiology. Was engaged 
during the war on problems of nerve 
grafting in connection with peripheral 
nerve injuries. 


F.A. VENING MEINESZ, 
D.Sc., For MemRS., 


Was born in 1887 and was educated in 
Amsterdam and at the Technical Uni- 
versity at Delft. For the Netherlands 
Geodetic Commission he made pendu- 
lum observations for a gravity survey of 
the Netherlands (1911-20). He then 
improved the apparatus and used it on 
board submarines for determining gra- 
vity at sea. He has made many voya- 
ges with submarines of the Nether- 
lands and U.S. Navies, covering alto- 
gether over 200,000 km. He was ap- 
pointed professor of Geodesy and Geo- 
physics at the Universities of Utrecht 
(1927) and Delft (1938) and was presi- 
dent of the International Geodetic 
Association from 1933 to 1945. In 1945 
he was appointed Director-in-Chief of 
the Royal Netherlands Meteorological 
and Geophysical Institute at De Bilt. 


1AL CH! LAL INDUSTRIES LimirEp, Londen, S.W. 


Notes 
W: " gh 
an 
Sx 
W 
ap a] 
of phot n 
thi 
degre ae 
in 6 
the fir: 
Limited 
director, an | d % 
it to or- 
nent me- : 
m- 
a +s 
n- 
The Path of 
EES was published in 1946. ; 
Hastings 
Imperial Col h 
no! H thy 
obtains rs up 
and a y 
ship, doing post-graduat ith 
Professor A. at the ch 
Hochschule, ine ind Wi ro 
. fessor H at Princeton Uni : 
E versity. He j | ial | 
Coll in 19 
the Chair oi : at 
the Uni : 16. 
Is joi J. on 
4 of y; 
ar 
to this 


q 


